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ABSTRACT 
 
This study investigated possible alternative Chemistry teaching methods to 
improve the learning and thus the pass rate of the learners of access 
programmes at the Port Elizabeth Technikon.  The study traced Chemistry 
learning from the Pre-Technician course to the present Science Foundation 
Certificate.  Since the latter programme is a new course with new criteria, only 
implemented since the beginning of 2003, it provided a suitable platform for the 
evaluation and updating, if necessary, of new teaching methods. 
 
The study was limited to the subject of Chemistry.  The participating learners in 
this qualitative research were fully informed of the objectives of this research 
and, for ethical reasons, their identities were protected.  The methodology 
chosen was action research, which will include discussions regarding the 
choice, necessity and value of the research method. 
 
The following tools were used to collect data to determine approaches to 
learning and how the examination results were influenced: 
• Questionnaires 
• Journal entries of students 
• Interviews 
• Data of examination results. 
 
Findings of this study were used for a paper to be submitted to the PE 
Technikon as partial fulfilment of the requirements for the M Tech: Education 
degree. 
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CHAPTER 1 
INTRODUCTION 
1.1 BACKGROUND TO THE FIELD OF STUDY  
To promote prosperity, South Africa needs more trained scientists and 
engineers (Naidoo & Lewin, 1998, p. 729; Sharwood, 1998, p. 7).  To meet this 
need, more learners are required to study and qualify in the field of science.  
Unfortunately, two problems affected the aim of producing more trained 
scientists.  The first problem is the low number of learners leaving school with 
endorsements which include Physical Science and Mathematics (Sharwood, 
1998, p. 7), which are prerequisites to study science at most tertiary institutions.  
The second problem is the high drop out rate of students at tertiary institutions 
(RSA, CHE, 2000, p. 3). 
 
In the past, the Pre-Technician (Pre-Tech) access courses, offered by the Port 
Elizabeth (PE) Technikon, addressed the second problem mentioned above, by 
offering remedial courses not connected to any formal qualification.  Learners 
who were successful in these courses were then eligible for selection in the 
formal courses (PE Technikon Prospectus, 2003, p. 4).  The Chemistry Pre-
Technician course was successful, with reasonable pass rates.  It provided 
quality students for the programmes in the Faculty of Applied Science so that its 
throughput rate was 70%, compared to 34% for the rest of the Technikon 
programmes.  This Pre-Tech course helped to increase the number of 
Analytical Chemistry graduates by 40% (Port Elizabeth Technikon, May 2000, 
p. 4).  For this reason the course was well supported by the Applied Science 
faculty and it has encouraged under-prepared learners to enrol for this course 
first, before enrolling for main-stream programmes (PE Technikon Prospectus, 
2000: Applied Science, p. 15). 
 
However, certain problems were identified in the Chemistry Pre-Technician 
course, as well as other similar foundation programmes and to address these 
problems, the Committee of Technikon Principals (CTP) applied to the Council 
on Higher Education (CHE) to obtain accreditation from the South African 
Qualifications Authority (SAQA) for a new Technikon qualification, the 
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Foundation Certificate (Science), to allow for greater access and to empower 
those under-prepared learners who are considering a career in Science (RSA, 
CTP, 2002, p. 3).  Instead of a generic Foundation Certificate (Science) course, 
a more specialised Chemistry-based course was decided upon, namely the 
Science Foundation Certificate (SFC) and the PE Technikon implemented it 
from the beginning of 2003.  This new course, at National Qualifications 
Framework (NQF) level 5, is a one-year full-time course (RSA, DoE, 2002).  
The aim of the SFC is to retain student numbers throughout the year as well as 
promote a high degree of success, which would ensure a good intake of first 
year students in the main-stream courses, as described in the Summary 
Document of the Science Foundation Certificate (RSA, CTP, 2002, p. 2). 
 
The researcher, who has taught the Chemistry Pre-Technician course at the PE 
Technikon for almost thirteen years, noted certain problems experienced by the 
Pre-Tech learners.  The main problems have been that these learners are 
mostly rote learners and that they do not automatically apply knowledge across 
disciplines.  The ability to transfer knowledge is linked to deep learning 
(Entwistle, 1987, p. 58).  It is thus evident that the learners have to change their 
mode of learning from surface learning to deep learning in order to attain a high 
level of success.  Another problem identified was that the learners struggle to 
form/understand theoretical concepts, mostly because they are English Second 
Language (ESL) learners and all the courses and textbooks are in English.  
Since language facilitates cognitive growth, the development of their linguistic 
competence is of importance for their success as tertiary education learners 
(Goodier, 1994, pp. 1 – 2).  Although the problems that were noted are not 
“new” problems, the researcher believed that a workable solution to some of 
these problems could be found. 
 
Based on the above links, research questions to evaluate these aspects were 
formulated. 
1.2 MAIN RESEARCH QUESTION 
Does a particular teaching approach impact on the success rate of the 
Chemistry students on the access programme at the PE Technikon? 
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1.2.1 Critical Question 1 
Which teaching methods are the most suitable to be used to improve the 
success of Chemistry students on the access programme at the PE Technikon? 
1.2.2 Critical Question 2 
What is a suitable assessment approach that could be used to promote deep 
learning by students of Chemistry on the access programme at the PE 
Technikon? 
1.2.3 Critical Question 3 
How do students experience the current teaching approach? 
1.3 A REVIEW OF RELEVANT LITERATURE 
The problems mentioned in 1.1 above are echoed in literature, as well as other 
researchers in South Africa and internationally. 
 
In a study done by Sharwood (1998, p. 4) the preparedness of matriculation 
learners for tertiary educational studies is shown to be inadequate.  He 
identifies academic factors such as: a lack of linguistic competence, a related 
lack of abstract thinking, a tendency towards rote learning instead of critical 
thinking and the application of theory, as contributing to the unpreparedness of 
learners.  The lack of linguistic competence by Pre-Technician learners is also 
highlighted by Goodier (1994, pp. 1 – 2), who points out that ESL learners 
experience difficulty in expressing their thoughts in writing. 
 
Potgieter (1996, pp. 12, 15) conducted an investigation of first year Chemistry 
learners at the PE Technikon to establish the relationship between language, 
cognition and input by the lecturer.  In this study Potgieter found that ESL 
learners have to move into “deep” language acquisition because they have to 
think and conceptualise through their second language.  She then alerted 
lecturers of ESL learners to the importance of these learners being helped by 
means of joint literacy and content activities to enable them to internalise the 
concepts.  In research conducted in 1992 by Flowerdew and Miller and quoted 
by Potgieter, the importance of considering the pace of presenting information 
to ESL learners is pointed out, as these learners have to process a great 
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amount of incoming data in a very short space of time (Flowerdew and Miller in 
Potgieter, 1996, p. 81).  Potgieter’s study highlights the fact that correct 
teaching methods and a suitable time span are important to allow ESL learners 
to internalise knowledge.   
 
Based on the above, this study thus investigated the suitability of chosen 
Chemistry teaching methods to facilitate learning by ESL learners. 
 
This research aimed to evaluate the learners’ chosen learning approach and 
resultant success in the SFC.  It further aimed to correlate the above with the 
teaching and assessment methods employed by the Chemistry lecturer as well 
as the learners’ experience of these methods.  In order to investigate suitable 
teaching methods, it was necessary to “unpack” the two main problems, 
mentioned in 1.1 above, that were identified with the Chemistry access 
students.  This would allow the problems to be addressed more effectively.  The 
first problem identified was that of the learners being mostly rote learners. 
 
Sharwood (1998, p. 59) lists the three most common approaches that learners 
adopt for studying as being: the deep approach, the surface approach and the 
achieving approach.  He states that learners adopt either one or a combination 
of the three approaches.  Entwistle (1987, pp. 57 – 61) points out that the 
approach followed by learners varies from task to task.  
He also states that approaches to learning reflect individual responses to 
interest in the content and anxiety about assessment requirements (1987, p. 
67).  The educator therefore has to concentrate on presenting the contents as 
interestingly as possible, through an adaptation of the teaching methods, to 
instil intrinsic motivation in the students as well as consciously to limit the 
anxiety around assessment.  Making the learners aware well in advance of what 
course expectations are and what the procedures of assessment will be, could 
allay this anxiety.  This anxiety could tie up with the first problem of the students 
tending to rote learn and to avoid this, students must realise that they will be 
asked to motivate their answers.  This is in agreement with Entwistle who 
supports Ausubel’s argument that factual recall assessment methods persuade 
learners to resort to rote learning (Entwistle, 1987, p. 39; Sharwood, 1998, pp. 
64 – 65). 
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Understanding depends on the effective development and use of concepts, as 
well as being able to develop a web of interconnections which relate previous 
knowledge and experience to new information or ideas (Entwistle, 1987, pp. 37 
– 38).  Entwistle argues that learners have to be helped to reconceptualise their 
experiences, in order to build the web of interconnections, since the gap 
between the learners’ naïve and formal concepts is particularly evident in 
science.  As the research showed, the existence of this gap was evident in the 
Pre-Technician students’ inability to transfer knowledge learned in one 
discipline to another one.  
 
Entwistle compiled an inventory to measure the approach or combination of 
approaches that learners could adopt (1987, pp. 57 – 61, 123 – 124).  This 
inventory, together with an inventory compiled by Webb (2003, pp. 7 – 9) was 
used to generate questionnaires used to determine the Chemistry access 
learners’ approaches to studying and learning so that appropriate teaching 
methods could be devised to encourage deep learning. 
 
According to Vygotsky (cited in Goodier, 1994, p. 2) students depend on their 
linguistic competence to conceptualise science information.  Goodier (1994, pp. 
1 – 2) points out the relationship between language and cognitive growth.  
Competence in English has already been perceived as being a reason for 
access students’ failure in higher education and a link has been established 
between language ability and a high success rate in tertiary education. 
1.4 DELIMITATION OF THE RESEARCH 
It is known that success in higher education can be influenced by a variety of 
factors, but this study only addressed the influence of a particular teaching 
approache on the success rate of the Chemistry access students at the PE 
Technikon. 
 
Initially the researcher looked at the Pre-Technician Programme and then at the 
subsequent Science Foundation Certificate.  The time frame for the interaction 
with the learners of this study, as a result of a change in approaches to teaching 
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and assessment, was the last five years of the Pre-Technician Programme and 
the two years since the implementation of the SFC. 
1.5 RESEARCH DESIGN 
To discover truth, people use three means, namely experience, reasoning and 
research (Cohen, Manion & Morrison, 2000, p. 3).  Cohen et al. (2000, p. 5) 
contend that research is a combination of both experience and reasoning and 
that it is the most successful approach to the discovery of truth. 
 
Research has three distinguishing characteristics (Cohen et al., 2000, p. 5): 
• it is systematic and controlled, basing its operations on the inductive – 
deductive model; 
• it is empirical (i.e. based on observations or experiments) and the 
researcher turns to experience for validation; 
• it is self-correcting (with built-in mechanisms to protect from errors) and 
results are open to public scrutiny for criticism. 
 
The starting point of research is the research paradigm, discussed next. 
1.5.1 Research Paradigm 
A paradigm determines how a problem is formulated and methodologically 
tackled (Keeves in Sharwood, 1998, p. 36).  Cohen & Manion (in Sharwood, 
1998, p. 36) describe a paradigm as consisting of a set of assumptions and, 
depending on whether the paradigm the researcher exposes is normative or 
interpretive, he will identify certain issues as of interest to him.  He will ask 
certain questions and not others; he will adopt certain research methods rather 
than others and he will show a preference for certain kinds of analysis, 
explanations and theory.  Since this study was concerned with the success rate 
of the students with the aim of helping them to change from surface to deep 
learners, the researcher followed an interpretive paradigm (Cohen et al., 2000, 
p. 22). 
1.5.2 Research Approaches 
This study followed a naturalistic - constructivism approach because the 
learners were studied in their natural setting in the classroom and Chemistry 
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laboratory.  The researcher was part of the researched world and there was a 
concern about the processes happening in the natural setting (Cohen et al., 
2000, p. 106).  Since the focus was on the influence of a teaching approach, the 
learners were the centre of importance and the level of their knowledge was 
built up through active construction and reconstruction of theory and knowledge 
(Carr & Kemmis, 1986, p. 148). 
 
Instead of using the positivist approach, the researcher chose critical research 
as an approach, since it focuses on a critical understanding of the situation or 
practice being researched in order to plan for transformative action (Kerfoot & 
Winberg, 1997, p. 16).  The researcher wanted to understand how to improve 
the learning of the access Chemistry learners through altering the teaching and 
assessment methods used by the lecturer and the learning approach used by 
the learners. 
 
According to Kerfoot & Winberg (1997, pp. 18 – 19), within a critical research 
model, there are two main ways of doing research.  These are known as 
quantitative and qualitative methods.  The quantitative approach involves the 
collecting of data, facts and figures; the qualitative approach focuses more on 
trying to understand and interpret processes, responses and contexts and on 
the fact that different voices should be heard.  Since the researcher wanted to 
effect a change in learning, which is not directly measurable, it meant that this 
study would be mainly qualitative.  Quantitative methods were also used, 
because the examination results were analysed to establish academic 
performance.  This is in agreement with Ary, Jacobs & Razavieh (2002, p. 23), 
who refer to the new trend of rapprochement, where the same study can use 
both quantitative and qualitative approaches. 
1.5.3 Research Methodology 
Vockell & Asher (1995, p. 10) describe action research as the practical 
application of the scientific method or other forms of disciplined inquiry to the 
process of dealing with everyday problems.  They state that this approach is 
particularly focused on teachers and other educators doing research in order to 
make their particular educational activities more productive.  It is also more 
concerned with specific classes and programmes and less concerned with 
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generalised conclusions about other classes and programmes. Du Toit (1999, 
pp. 83 – 84) supports this view and regards action research as a means of staff 
development, because it entails critical thinking of one’s own practice.  Zuber-
Skerrit (1992, p. 87) describes it, after having consulted other authors, as an 
appropriate and effective way to integrate educational research and teaching 
practice. 
 
Kerfoot & Winberg (1997, p. 19) describe action research as being somewhat 
similar to qualitative research, but that it differs in several important ways in that 
knowledge is not produced for a scientific community, but for other practitioners 
and those who share their daily reality.  They further state that unlike qualitative 
research, which involves the observation, description and interpretation of 
educational settings, action research aims to transform these settings.  Action 
research is done in an action-orientated setting with reflection on action as the 
driving force of the research. 
 
Since the research is designed around an interpretive paradigm with the aim of 
planning transformative action in a natural setting, action research was chosen 
as the research methodology of this study. 
1.5.4 Data Collection 
This research involved the critical observation and reflection on the impact a 
teaching approach has on a particular group of Chemistry students in the 
access programme of the PE Technikon with the aim of transforming this 
setting. 
 
Data was therefore collected by means of observation of learners’ reactions in 
the natural settings, questionnaires addressing their selected learning 
approach, journal entries to establish their experience of the adapted teaching 
and assessment methods in a non-threatening environment, and the 
examination results as an indication of academic progress.  This data was used 
to answer the critical questions originating from the research question.  
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1.5.5 Validity 
Validity is an important requirement for effective research and should be a true 
reflection of what was measured.  In qualitative research this validity can 
seldom be a hundred percent, because of the bias of the opinions of the 
respondents and the researcher (Cohen et al., 2000, p. 105).  This means that 
the researcher must strive to ensure validity by gathering a variety of data as 
objectively as possible.  Following the recommendation of Kerfoot and Winberg 
(1997, p. 97), the researcher established triangulation to get multiple 
perspectives of the same event.  Triangulation is a term used by researchers to 
describe a way of checking and clarifying the interpretations they have made of 
their data.  It involves the use of at least three data sources; for example, 
interviews, repeated observations, lesson plans, writings on the blackboard, test 
questions.  This is done in order to get multiple perspectives on the same 
events and to check tentative or working hypotheses.  When a hypothesis 
based on one source of data is formed, it needs to be, cross-checked with 
another.  Another way to test an hypothesis is to see whether or not it can be 
used to predict learners’ behaviour in a certain situation (Kerfoot & Winberg, 
1997, p. 97).  The researcher therefore collected data by means of a variety of 
sources such as the observations of the learners, the journal entries, the 
questionnaires, interviews and the examination results.  
1.6 ASSUMPTIONS 
The first assumption was that the Chemistry access learners have encountered 
the subject Chemistry before, as one of their entrance requirements is the 
school subject Physical Science which includes Chemistry. 
 
The second assumption was that success in a subject in tertiary education is a 
pass mark of 50 percent (%).  A high examination mark is a mark regarded as 
being greater than 59%.  An indication of success in tertiary education is 
therefore regarded as the achievement of 60% or more. 
1.7 SIGNIFICANCE OF THE RESEARCH 
Deep learning influences the formation of concepts that will help the access 
Chemistry learners, particularly the SFC students, in their mainstream studies.  
This learning skill could then also be applied to PE Technikon’s other foundation 
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courses such as the Chemical Industries Education and Training Authority 
(CHIETA) and Manufacturing, Engineering and Related Services Sector 
Education and Training Authority (MERSETA) courses and also at any other 
institution teaching fundamental concepts of Chemistry.  Since the Science 
Foundation Certificate is a new course that will also be implemented by other 
Technikons, the results of this study will also be of interest and of use to them.  
If the Science Foundation Certificate achieves its objective, the access of 
learners to the field of Chemistry will be improved, the quality of the learning will 
have improved and thus the throughput rate of the learners will improve.  This 
ultimately will yield more trained scientists that in turn will help the economy of 
South Africa to grow and prosper. 
 
This action research process could, according to Kerfoot & Winberg (1997, p. 
37) initiate further topics of research and will therefore promote a culture of 
continuous research.  This in turn will benefit not only PE Technikon, but also 
the access courses offered elsewhere in the RSA. 
 
The results of this study could shift the focus from a single researcher to an 
action research based programme to involve more colleagues reflecting on the 
SFC and thus on possible ways to improve the presentation and quality of the 
programme as a whole.  This again could lead to even more topics of research. 
1.8 DEFINITION OF KEY CONCEPTS: 
1.8.1 Matriculation (or Grade 12) 
Matriculation (or Grade 12) refers to the final school examinations written under 
the auspices of the various governmental bodies, past and present, in the RSA. 
1.8.2 Access Programme 
This access programme refers to the remedial course offered by the PE 
Technikon, aimed at those learners who have at least passed their final school 
examinations and the subjects Mathematics and Physical Science, but whose 
overall matriculation marks were too weak to meet the required acceptance 
criteria for formal tertiary education.  The students who are successful in these 
access programmes are then eligible to enter the specific course(s) for which 
the programme prepared them.  In this case the Chemistry access programme, 
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that falls under the Faculty of Applied Science, prepares students for access to 
the National Diplomas of Analytical Chemistry, Biomedical Technology, 
Environmental Health, Polymer Technology and Radiography. 
1.8.3 Access Students 
Access students are those students who are attending/have attended an access 
programme. 
1.8.4 Teaching Methods 
Teaching methods are the means by which the teacher attempts to bring about 
the desired learning and includes selecting content and instructional material as 
well as teaching procedures; it determines to a large extent what students 
actually learn (Clark & Starr, 1991, p. 9). 
1.8.5 Teaching Approach 
The researcher defines teaching approach as a strategy to help and support 
students to obtain optimum learning.  According to the Oxford Advanced 
Learner’s Dictionary (1989, p. 1270) a strategy can be described as the correct 
planning, directing and managing of any affair. 
1.8.6 Learning Approach 
Fourie points out that two interpretations to learning approaches can be found in 
literature (2003, p. 123).  Firstly, learning approach can refer to the process 
adopted prior to the outcome of learning as originally proposed by Marton and 
Säljö in 1976.  Secondly, it can also refer to predispositions to adopt particular 
processes, such as when questionnaires are used to classify students as “deep” 
or “surface” learners.  These qualitative ways of studying were identified by 
Biggs in 1987.  It should be noted that “deep” or “surface” approaches are not 
separate attributes of individuals.  A student may use both approaches at 
different times, although one of the approaches may be preferred (Fourie, 2003, 
p. 123).  In this study, the second interpretation was used. 
1.8.7 Metacognition 
Metacognition refers to “knowledge concerning one’s own cognitive processes 
and products” (Flavell cited in Hewson, 1996, p. 136) and is a hallmark of 
teaching for conceptual change (Hewson, 1996, p. 137).  It refers to the 
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knowledge and control of factors that affect learning activity such as knowledge 
of the demand of the learning task, the strategies employed in learning and 
knowledge of oneself as a learner. 
1.8.8 Effective Teaching 
Effective teaching is defined by Koppi, Lublin & Chaloupka, (1997, p. 245) as 
that which leads to engaged and intelligent learning. 
1.8.9 Effective Learning 
Koppi et al. (1997, p. 245) define effective learning as involving a desire on the 
part of the learner to grapple with and understand study material in order to be 
able to carry out one or more of the higher cognitive functions like application, 
extrapolation, integration or problem solving.  They cite Ramsden, who states 
that effective learning requires or entices the learner to take a deep approach 
rather than a surface approach to the curriculum (1997, p. 245). 
1.8.10 Intervening Variable 
Entwistle & Nisbet (1972, p. 151) describe an intervening variable as a change 
that affects the size or the direction of the relationship between the two main 
dimensions under consideration. 
1.9 OUTLINE OF THE RESEARCH PROJECT 
Chapter 1 provides a background to the field of study, an introduction to the 
literature survey and the methodology to be used.  It also points out the 
relevance of the proposed research. 
 
Chapter 2 contains the discussion of literature relevant to the research. 
 
Chapter 3 deals with the methodology to be used in the achievement of this 
research as well as a brief description of the proposed data collection. 
 
Chapter 4 contains all the collected data and results, as well as their analysis. 
 
Chapter 5 then summarises the findings of this analysis and the resultant 
recommendations for future development and implementation. 
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1.10 SUMMARY 
The aim of this chapter was to provide a background to the study under 
discussion.  The next chapter will look at literature related to the improvement of 
teaching methods to bring about deep learning in students so that ultimately 
better pass rates can be achieved. 
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CHAPTER 2 
LITERATURE REVIEW 
“ Teaching is unforgivingly complex. It is not simply good or bad, right or wrong, 
working or failing ” (Cochran-Smith, 2003a, p. 4). 
2.1 INTRODUCTION 
In this chapter, a review of selected literature aims to corroborate the facts 
pertinent to the research.  The literature used in this study reveals the facts 
about how a lecturer/teacher can make a difference in helping students to learn 
better so that they can be more successful.  Literature is reviewed under four 
main headings: the lecturer/teacher, the teaching, the learning and student 
achievement. 
 
The literature review included in this study provides information about how 
experts view teaching practices, the aims of education, teaching philosophy, 
teaching approaches, teaching strategies, motivation and links between 
teaching, learning, communication, assessment and outcomes.  All the 
headings dealt with in this chapter are significant for the study and provide 
information that promotes understanding of the problem that led to the research. 
2.2 THE TEACHER/LECTURER 
Traditionally a teacher is regarded as someone who teaches pupils at school 
and a lecturer as someone who lectures students at tertiary institutions.  For the 
purpose of this study the lecturer is regarded as a teacher, because the lecturer 
of access students has to fulfil the roles traditionally expected of a teacher. 
 
The teacher has the responsibility of presenting information and ideas to 
students in ways which will help them to learn.  At the same time, the teacher is 
influencing the students’ attitudes and values, often unconsciously.  Moreover, 
the teacher often has considerable influence over the way students come to 
view the whole process of education, with effects that stretch well into adult life 
(Entwistle, 1987, p. 1).  Ornstein & Lasley (2000, p. xxii) aptly summarise the 
relationship between teachers and students as follows: “Coming to know is the 
goal of the learner; helping students learn how to learn is the goal of the 
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teacher.  The extent to which students come to know and learn how to learn 
is influenced by how well the teacher can teach.” 
2.2.1 Views of the Roles of a Lecturer/Teacher 
A teacher has several roles to play; namely, that of a teaching strategist, a 
professional, an intellectual/reflexive thinker, and as a social interactive agent, a 
developer of “human values” and a classroom manager.  These roles will each 
be discussed in the next paragraphs to illustrate their importance. 
2.4.1.1 Lecturer/Teacher as a Teaching Strategist 
The traditional description of a qualified teacher is a technician who will transmit 
knowledge in a certain and linear process to the students by following a fixed 
and scientifically predetermined sequence of instructions, which they believe, 
works the best for all students (Cochran-Smith, 2003b, pp. 96 – 97; Koppi, 
Lublin & Chaloupka, 1997, p. 245).  Fisher (2003, p. 18) points out that research 
provides evidence that traditional methods are efficient in teaching the 
“technical” side of knowing how to do things.  However, traditional tertiary 
education teaching methods are less successful in developing “practical wisdom 
or intelligence, the higher order thinking” which enhances skill to the level of 
expertise.  Graduates in an ever-changing world of work where the “technical” 
knowledge is changing very rapidly, need this level of expertise.  Therefore, the 
traditional tertiary conceptions can no longer apply to the modern classroom 
environment.  Because of the changes in our society, classes are no longer 
homogeneous.  They now consist of students from different cultural, social and 
language backgrounds, necessitating different teaching approaches and 
different teaching strategies and methods. 
 
Teaching thinking skills requires expertise in teaching strategies, the use of 
curricular materials, and assessment, all of which support students in 
participatory roles in the education process (Freiburg & Driscoll, 2000, p. 14).  
This is very different from viewing the teacher as a technician.  Koppi et al. 
(1997, p. 245) cite Ramsden who differentiates between teachers as 
technicians and teachers as professionals.  Technician teachers are those who 
follow set procedures only, while professional teachers show greater 
commitment and flexibility.  Ramsden further points out that the professional 
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teacher now becomes a facilitator of student learning.  As a facilitator, the 
teacher can now be regarded as a professional. 
2.4.1.2 Lecturer/Teacher as a Professional 
Cochran-Smith (2003b, pp. 96 – 97) describes the professional teacher as 
someone who is highly qualified; who knows the subject matter (i.e. what to 
teach) as well as pedagogy (i.e. how to teach).  In addition, the highly qualified 
teacher also knows how to learn; how to make decisions informed by theory 
and research from the many bodies of knowledge, such as informed feedback 
from classroom evidence in particular contexts.  Professional teachers therefore 
can select from an array of teaching options, knowing that teaching is a 
complex and somewhat uncertain process and that knowledge is constructed by 
the interactions of particular teachers, students, materials, texts and prior 
experiences.  One class group may, for example, grasp a concept more readily 
than another group, necessitating that the teacher use different explanations or 
teaching methods to ensure that the students can make the knowledge their 
own. 
 
Already in 1972, Entwistle & Nisbet (p. 151) pointed out the important concept 
of the need for variety in the presentation of material to be learned.  They 
realised that even at the same intellectual level no single teaching method or 
way of organising learning experiences is ideal for all students.  They looked at 
the interaction of the teacher’s personality and the performance of students of 
differing personality types.  Entwistle & Nisbet (1972, pp. 151 – 152) therefore 
suggested that an understanding of personality differences (between teacher 
and students) may help to provide guidance for the appropriate provision of 
alternative methods of presentation at different educational stages.  This advice 
led to research to determine what students’ learning styles are, so that the 
researcher could try to select teaching methods to achieve optimum learning. 
 
The need for a variety of teaching methods implies that not only must a teacher 
be aware of the different teaching strategies available, but s/he must have the 
wisdom to know which methods to use under which conditions and be prepared 
to adapt or change as the need arises.  This process can be defined as 
professional discretion (Cochran-Smith, 2003b, p. 96). 
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Knowing when to adapt or change teaching strategies can also be a 
consequence of reflecting on one’s teaching practice.  The concept of reflection 
is discussed in the following paragraphs. 
2.4.1.3 Lecturer/Teacher as Intellectual/Reflexive Thinker 
Nelson (2004, p. 407) states that much has been learned about the nature of 
teaching and learning and the results of those studies indicate that formulating 
best practices requires an intellectually complex set of constructs challenging 
the reflective nature of both the teacher and the learner. 
 
Crocco et al. (2003, p. 214) acknowledge Dewey’s work of 1933 and argue that 
reflection is not a new idea.  Dewey was the first person to define the concept of 
reflection as a way of thinking deeply about past events to learn from them 
(Kember et al., 1996, p. 214).  Ornstein & Lasley (2000, p. 198) list Dewey’s five 
steps for reflective thinking as follows: become aware of difficulty; identify the 
problem; assemble and classify data and formulate hypotheses; accept or reject 
tentative hypotheses; and formulate and evaluate conclusions.  Crocco et al. 
(2003, p. 214) therefore view reflection as being an active, persistent and 
careful consideration of any belief or supposed form of knowledge in the light of 
the grounds that support it and the further conclusion to which it tends. 
 
Crocco et al. (2003, p. 214) also refer to Mezirow’s definition of reflection where 
the critique of assumptions about the content or process of problem solving 
evolves into problem posing; that is, questioning taken-for-granted situations 
and examining their validity.  Mezirow divides reflection into content, process 
and premise reflection, the latter resulting in transformation of our framework of 
meaning; that is, being aware of why you feel or act as you do.  “In critical 
reflection, it is necessary to recognise that many of our actions are governed by 
a set of beliefs and values which have been almost unconsciously assimilated.  
Reflection then requires a critical review of presuppositions from conscious and 
unconscious prior learning and their consequences” (Crocco et al., 2003, p. 
214). 
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Teaching for thinking is a matter of developing attitudes and dispositions 
(Fisher, 2003, p. 10).  Teachers must encourage learners to believe that the 
learners’ thinking is possible and to develop such dispositions as to attend, 
concentrate, cooperate, organise, reason and enquire.  The teacher should 
therefore adopt a teaching approach, which helps students to bring their 
process of thinking to a conscious level.  According to Fisher this will help them 
to gain control or mastery over the organisation of their learning. 
 
These arguments lead to the belief that a better word to use for critical reflection 
would be “reflexive” thinking and the teacher can now be regarded as an 
intellectual/reflexive thinker. 
2.4.1.4 Lecturer/Teacher as Holistic Developer  
Freiburg & Driscoll (2000, p. 44) point out that research has proved that it is 
important for a teacher to know his/her students.  They suggest that a class 
photograph will help teachers to get to know their students’ names and that 
students will react positively to such a caring attitude.  The teacher can use 
data about the students (e.g. prior experiences, academic background and 
note-taking skills) to improve the conditions for learning in the classroom 
because they will assist in planning both the content and the format of the 
lecture (Freiburg & Driscoll, 2000, pp. 182 – 183).  The attributes of listening, 
being patient and being supportive reflect a receptivity that leads to caring 
(Noddings, 1984, cited in McAllister & Irvine, 2002, p. 440).  This type of caring 
can enhance classroom interactions between teachers and students and 
eventually create a better learning climate. 
 
Empathy also has the potential to foster openness, attentiveness, and positive 
relationships in a culturally diverse class as is found in the access course under 
consideration.  Teachers, who are open and flexible, can adjust to varying 
contexts, are flexible and prepared to adjust curricula to students’ needs and 
thus create a supportive classroom atmosphere that is student-centred (Delpit, 
1995, cited in McAllister & Irvine, 2002, p. 434).  In these student-centred 
classrooms where there is a caring relationship between teachers and their 
students, students are more motivated and perform better academically than 
students who do not experience this attitude of caring (Forster, 1995; Gay, 
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2000; Irvine, 1990, cited in McAllister & Irvine, 2002, pp. 434, 440).  It is 
therefore desirable to create a sense of caring and empathy, as the ultimate 
goal of teaching is to produce successful students. 
 
Ornstein & Lasley (2000, p. 28) caution that teachers must never forget that 
their daily actions convey messages to their students that can be more powerful 
than for example the encouragement of critical thinking skills.  They refer to a 
case where a science teacher did not realise how he inadvertently taught a 
student always to be honest and to notice what he observed.  In the same vein 
Kohl (cited in Ornstein & Lasley, 2000, p. 70) warns that the teacher must be 
honest about his mistakes, be able to admit to them and apologise to his 
students, as it is the teacher’s struggle to be moral that excites his students. 
2.4.1.5 Lecturer/Teacher as Classroom Manager 
In a typical Chemistry lecture, the teacher teaches the content to the students 
which leads to learning.  The learning takes place in the classroom 
environment, as illustrated in Figure 2.1: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: The Classroom Environment 
This teaching can take place in a formal or informal manner.  Both methods 
were applied in the Chemistry access courses.  According to the theory, most of 
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the informal teaching/learning occurs during conversations/discussions and 
Fisher (2003, p. 15) maintains that these conversations promote learning.  To 
be able to conduct these conversations, the teacher has to create a suitable 
classroom climate.  The concept of classroom climate will be discussed at a 
later stage. 
 
The teacher consequently has the task of balancing the role of being the 
classroom manager who is responsible for establishing the classroom climate 
with that of an active participant in the classroom where the teacher’s voice 
should not become the most powerful one in the class (Hewson, 1996, pp. 127, 
138).  Typical of a good manager, the teacher should know when to allow the 
access students more freedom to express themselves, allowing everybody a 
fair and democratic chance and when to show respect and consideration for 
each student’s view.  As will be discussed later, it is through discourse that 
learning takes place.  Yet, as a good manager, the teacher should ensure that 
this freedom is in balance with keeping to schedule and not completely 
wandering off the topic of discussion. 
2.3 THE TEACHING 
Teaching is a never ending quest for new knowledge and ideas to meet the 
needs of a changing world with respect to context, content, and students 
(Freiburg & Driscoll, 2000, p. 17).  By “context” Freiburg & Driscoll refer to the 
community and trends related to technology, cooperation, the learning 
environment, and inclusion (that is, a commitment to educate each student, 
regardless of their disabilities or special needs).  By “content” they refer to the 
curriculum (or learning experiences provided to students) and the trends related 
to critical thinking and multicultural education (2000, pp. 13 – 15, 45).  The 
“students” will be discussed in the following paragraphs. 
 
The focus of the practical research, the P E Technikon, was a historically white 
institution, following a Western intellectual tradition.  With the political changes 
that have taken place in the RSA, the student population has become very 
diverse.  This means that students from alternative traditions must make the 
transition to a different culture (Potgieter, 1996, p. 7).  The diversity of learners 
in the country’s classrooms represents the future, and the future will reflect how 
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well educators have included all students in the present learning community.  
A commitment to multicultural education content in one’s teaching will be a 
significant contribution to tomorrow’s society (Freiburg & Driscoll, 2000, p. 15).  
This comment made in the United States of America, is just as applicable to the 
“rainbow nation” situation in the RSA. 
 
The access students studied in the research are mostly black or coloured and 
English is not normally their mother tongue.  A lack of competence in English is 
often perceived by students and lecturers as the primary cause of the failure to 
understand concepts (Potgieter, 1996, p. 7).  Potgieter refers to Vygotsky’s 
statement that language is the vehicle for learning (1996, p. 9) but points out 
that the black RSA students are not learning English as a “foreign” language 
because it is the medium of instruction in schools.  They will, however, have to 
move into “deep” language acquisition (1996, p. 12) to manage their studies.  
Although the coloured students are taught in Afrikaans, they have to study 
English throughout their school career.  They also have to move into “deep” 
English language acquisition. 
 
The students of today are a challenge to teach for a number of reasons.  They 
are distracted by technology in multiple forms (e.g. television) and violence 
(Freiburg & Driscoll, 2000, pp. 15 – 16).  Students have to resist the temptation 
of watching entertaining television programmes when they have to do their 
homework and the intrusive nature of cellphones ringing during lecture times, is 
well known.  Since crime is a great problem in the RSA it means that a teacher 
cannot schedule tests for late in the afternoon, as it would jeopardise the safety 
of students who have to walk home in the dark or catch taxis. 
 
It is a well-established fact that students come to graduate programmes not as 
well equipped as could be expected (George, 1996, p. 98).  Students who come 
to higher education without a family background of support in activities such as 
homework or learning experiences (e.g. because the parents have no higher 
education) are at a disadvantage.  This disadvantage takes the form of a lack of 
prior knowledge (Freiburg & Driscoll, 2000, p. 42).  It also means that the 
students cannot rely on help with homework and this means that the teacher will 
have to plan for support in class time, in the form of group work and/or tutorials. 
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Crocco, Faithfull & Schwartz (2003, p. 22) cite Faithfull & Streep who state that 
one cannot escape from the core principle that teaching and learning are tied 
together and that teaching is learning.  Crocco et al. further state that this 
principle is dependant upon the creation of a school culture of reflective enquiry 
shared by all teachers and that action research could be instrumental in 
creating this culture. 
2.3.1 Teaching Quality 
In America, teaching quality and teacher accountability are inextricably tied as a 
policy matter to improve education and it is also believed that it greatly impacts 
on student learning (Cochran-Smith, 2003a, p. 3).  Although each situation is 
unique, the researcher examined whether this same accountability should also 
apply to teaching in higher education in the RSA.  Not only must teachers do 
their work to the best of their abilities; they must also take responsibility for their 
actions.  This was found to be especially applicable in the access course 
because students can only enrol for the course once; re-attempts are not 
allowed.  Another reason for the importance of teacher accountability is the 
shortage of Science and Engineering Training (SET) students, particularly 
among the previously disadvantaged communities.  Should the PE Technikon 
not be successful in retaining the science access student numbers, the PE 
Technikon could never hope to achieve the aim of preparing more students for 
the fields of SET, as indicated in Chapter 1. 
 
The reverse side of the coin is revealed by Nelson (2004, p. 407), who stresses 
that good teaching can be neither prescribed in specific terms nor easily 
measured.  Teaching and learning are not rooted in technical skill acquisition, 
but are complex human activities deserving of intellectual inquiry and reflective 
practice.  A collaborative, problem-based approach to subject content should be 
followed so that critical thinking skills may be utilised.  This approach forms the 
basis for intellectually challenging exploration of deeper meanings of 
knowledge, and stresses the importance of long-term understanding (Nelson, 
2004, p. 408). 
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A word of warning was issued by Cochran-Smith (2003a, p. 5) that the 
teacher education community should avoid over-simplifying equations between 
teaching quality and test scores and equating student learning with test scores.  
She states that these relationships are grossly inadequate to provide 
understanding and thus improve teaching and learning in a diverse but 
democratic society in the 21st century. 
 
Keeping this warning in mind, this literature study will now focus on teaching 
practices.  Hunter (cited in Ornstein & Lasley, 2000, p. 59) describes teaching 
as both a science and an art.  The science refers to psychological research that 
identifies cause-effect relationships between teaching and learning.  The art 
refers to how those relationships are implemented in successful and artistic 
teaching. 
 
In order to decide on a teaching approach, reflection is needed on what the 
aims of teaching the students in the access course are and what the purpose of 
the course is.  The literature review will therefore now look at these aspects. 
2.3.2 The Aims and Purpose of Access Chemical Education 
As mentioned in Chapter 1, the access programme was implemented to 
increase and retain the number of SET students entering tertiary education but 
this study is restricted to the Chemistry access students.  The second main 
problem identified was that the students’ learning approach had to be changed 
from a surface approach (as rote-learners) to a deep approach (as critical 
thinkers). 
 
No teaching can take place without communication and our main means of 
communication is language.  As pointed out earlier, the access students are 
mainly ESL students and therefore the language aspect is of great importance.  
This aspect will now be discussed in more detail. 
2.4.2.1 Lack of Linguistic Competence 
Fisher (2003, p. 12) states that thought is closely linked to language and, as 
validation, cites Vygotsky’s statement that linguistic communication is the 
primary vehicle for human thinking and learning.  Goodier (1994, pp. 1 – 2) 
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points out that language can facilitate cognitive growth.  To this end, Inglis 
(1993, p. 131) contends that language is the vehicle with which the student 
deepens conceptual understanding because it is through the articulation of 
ideas, observations and inferences that learners come to understand the 
scientific concepts being studied and to construct their own knowledge 
(Connolly, 1989 and Raimes, 1987 in Inglis, 1993, p. 130). 
 
Therefore the task of imparting the skill to understand and participate in the art 
of scientific discourse is crucial for students if they are to develop their language 
competency (Rollnick, White & Dison, 1993, p. 85).  In a higher education 
context, assessment of written tasks is the tradition and students have to 
demonstrate their language competence and their grasp of the content of any 
course through writing in examinations and reading the problems to be solved.  
According to Inglis (1993, p. 131), evidence of deterioration of the students’ 
language is very serious.  She states that if a student’s language ability is poor, 
the student will not easily be able to deepen his/her conceptual understanding.  
She also points out, though, that if a student’s conceptual understanding is 
weak, the usually fluent ESL student loses his/her fluency in written English 
when trying to struggle with the task.  This means that the lecturer should 
realise when assessing a written assignment/test, when the writing starts 
becoming illegible or the language becomes gibberish, it is evidence that the 
student was not able to master the concept and remedial work is necessary. 
 
Discussion and writing are essential aspects of the teaching methodology of a 
Chemistry access course (Inglis, 1993, p. 130).  However, in Chapter 1 it was 
pointed out that the access students have a lack of linguistic competence 
(Sharwood, 1998, p. 4 and Goodier, 1994, pp. 1 – 2).  Furthermore, lack of 
competence in English has already been perceived as being a reason for 
access students’ failure in higher education. 
 
Thus research has established a link between language ability and a high 
success rate in tertiary education.  To help lecturers achieve this aim of a high 
success rate, Potgieter’s study (1996, pp. 12, 15) recommends that ESL 
learners should be helped by means of joint literacy and content activities to 
enable them to internalise the concepts.  Inglis (1993, pp. 133 – 134) also 
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believes that the interrelationship between concept development and 
language ability makes a strong case for a much closer interaction between the 
ESL teacher and the subject specific teacher. 
 
The ultimate teaching goal is for all students to acquire the knowledge, skills 
and attitudes needed to function effectively in a culturally and ethnically diverse 
nation and world (Freiburg & Driscoll, 2000, p. 14).  Fisher states that useful 
thinking leads to the success of individuals and therefore claims that teaching 
for thinking should the most basic skill of the curriculum (2003, p. 8).  He 
expands on this basic idea by stating that to survive in a diverse world we need 
a theory of critical and creative thinking that is linked to practical methods in our 
classrooms (Fisher, 2003, pp. 19 – 20).  This view is supported by Nelson’s 
statement that critical thinking is believed to be among the goals of education 
and directly related to meaningful educational experiences (2004, p. 407).  The 
theory of critical and creative thinking needs to be linked to curriculum goals 
and the enhancement of educational standards, not just to throughput rate, but 
quality education. 
 
The theory of critical thinking also needs to develop those attitudes and 
dispositions that will enhance education both for universal elements in 
reasoning and those which are subject and context-specific.  It needs to offer 
tested teaching methods and materials through which the teaching of thinking 
can take place in any given classroom.  It should offer procedures through 
which students can become more thoughtful and reasonable (Fisher, 2003, pp. 
19 – 20). 
 
Fisher (2003, p. 19) warns that teaching towards thinking should not be left to 
chance.  In order to instil thinking skills and good reasoning abilities in students, 
he advises that the teaching methods should encourage students to ask 
questions to help improve understanding of concepts under discussion.  
Fostering the ability to engage in reasoned dialogue will counter biased, 
unconsidered thinking and stimulate new ideas (Fisher, 2003, pp. 21 – 22). 
 
Sternberg also feels that it is important to teach students to think in a way that 
prepares them for life outside of an educational institution, which may bear little 
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resemblance to what goes on inside the institution (cited in Ornstein & 
Lasley, 2000, p. 22).  This idea correlates with interdisciplinary links, i.e. 
knowledge must not be compartmentalised and as Sternberg points out, should 
apply to real life as well.  Students must not regard Chemistry as something 
which only belongs in a laboratory, but must come to realise that Chemistry is 
all around them.  For example, an educator can refer to the problems that occur 
on the coast with rust, especially with regard to vehicles.  Rusting of metals is a 
chemical reduction-oxidation process, due to oxygen and moisture in the air. 
 
For Chemistry students to be prepared for the formal courses after the access 
programme, the role they will have to take on would require them to become 
learners who are convinced that the goal of learning should be to understand 
the topic being considered, and in doing so, make it their own.  Hewson 
stresses the fact that students would have to accept responsibility for their own 
learning, trust their own thinking and justify their conclusions using sensible 
arguments (1996, p. 138). 
 
The aims and purpose of the access programme Chemistry course determine 
how the learning programme for the course is designed, and therefore the 
literature review will now look at this. 
2.3.3 Design of the Learning Programme 
Naidoo (1996, p. 106) points out that any learning situation ideally should be a 
construction of what has to be learned and a negotiation of meaning making 
while the teaching and learning takes place.  The active planning stage brings 
together the content to be taught with the strategies for teaching (Freiburg & 
Driscoll, 2000, p. 37).  Any successful programme must respond to the learner 
and his or her context.  This viewpoint is confirmed by Jegede (1996, p. 101) 
who points out that “no matter how good the content of a programme, if the 
design is insensitive to the culture and language of the student, such a 
programme will not fully achieve its aims and objectives.”  Research has 
established that culture and language differences could result in serious 
miscommunication with the academic teacher in the tertiary institution and in 
serious misinterpretation of a student’s abilities (Jegede, 1996, p. 101). 
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Literature also shows that the philosophical strategies that are proposed to 
deal with the situation should not be that of transferring primarily Western-style 
science education to developing countries with appropriate interventions to 
overcome the many perceived limitations (George,1996, p. 98).  George 
provides the alternative option, namely to advance the notion of “genuine 
empowerment” of students from these settings.  Seepe (1996, p. 111) advises 
that the curriculum should relate to the development issues of local 
communities. This will lead to what could be called indigenous knowledge since 
the knowledge gained is anchored in indigenous contexts. The major ideas, 
concepts and rules of science are still there to be taught, but the context in 
which science is presented has to become more related to local needs. 
 
The access Chemistry students are culturally diverse, ESL speakers and 
disadvantaged with respect to prior knowledge.  Furthermore, they are 
attending the access course because of their weak matriculation results.  These 
aspects must be taken into consideration when educators plan or design 
teaching programmes. 
2.3.4 Teaching Philosophy 
A major new movement to promote intellectual development has taken place 
over the last 20 years.  This movement, which relates to being reflective, places 
the development of thinking at the heart of the educational process (Fisher, 
2003, p. 5).  To be reflexive, intellectual and professional, teachers need to 
examine their teaching philosophy.  One simple definition of philosophy is that it 
is a process of thinking about thinking (Fisher, 2003, p. 18).  The researcher’s 
philosophy is that she wants to make a difference.  As the educator, the 
researcher wants to change the learning of the students from a surface 
approach (as rote-learners) to a deep approach (as critical thinkers), so that 
they achieve better pass rates in the access course.  The educator can thus 
empower students so that they will be able to help themselves in the formal 
courses.  For example, students should not just blindly accept content notes as 
being correct because the person who wrote them could have made a mistake.  
They need to be able to criticise content.  This is also a requirement for 
adulthood (i.e. teacher as holistic developer); for example, choosing a political 
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candidate to vote for.  To realise this, the educator will have to adapt his/her 
teaching so that s/he ultimately creates a student-centred learning environment. 
 
The term “teaching approach” was defined in Chapter 1 as a strategy to help 
and support students to obtain optimum learning.  Teaching approaches should 
thus be chosen in accordance with the teacher’s conscious teaching philosophy 
to meet the needs of the access students.  The literature review will now 
consider different teaching approaches. 
2.3.5 Teaching Approaches 
As pointed out before, a professional teacher does not just transmit knowledge 
to the students, but has to adapt strategies as the need arises.  This means that 
not only is forward planning necessary, but also reflection to determine what is 
working well and where remedial work or adaptations are required. 
 
A philosophical approach can enrich science not only through the planning and 
review stages, but also in extrapolating science activities to other elements of 
the curriculum and to the world of everyday experience.  Without this linking to 
meaningful activity in everyday life, science will seem to have limited relevance, 
and instead of being something that helps students to make sense of their 
world, will simply remain an imposed body of knowledge (Fisher, 2003, p. 215).  
For example, students can be encouraged to read the labels of tinned food to 
see which chemicals are present as preservatives and then use their judgement 
of which brand is the healthiest choice to buy. 
 
Evertson and Emmer developed the applied science approach to teaching, 
which emphasises the organisation and management of students as they 
engage in academic work.  It requires high teacher involvement and a high 
degree of “time on task” for students.  They divide organising and management 
of student work into three categories: establishing and communication of work 
assignments, standards and procedures, monitoring of student work and 
feedback to students (Evertson and Emmer, cited in Ornstein & Lasley, 2000, 
pp. 354 – 355, 357).  This approach is pertinent to the access course because 
Chemistry is not just theoretical knowledge, it is also a practical course, which 
requires very careful planning and use of laboratory facilities, materials and 
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time.  Whilst in the chemical laboratory, the students have to be monitored 
throughout, not just to check that the experiments are conducted and that 
learning is taking place, but also to ensure their safety.  This is where the 
applied science approach of “no-play, no frills” of Evertson and Emmer (cited in 
Ornstein & Lasley, 2000, p. 357) can best be illustrated, as students learn 
through doing in the laboratory environment. 
 
According to Fisher, science is generative in the sense that it is about 
constructing meaning out of knowledge (2003, p. 212).  The constructivist 
approach to education has become the leading theoretical position in education 
and a powerful driving force in science education.  Constructivism has been 
proven by research to act as a powerful theoretical referent to build a classroom 
that maximises student learning (Treagust, Duit & Fraser, 1996, p. 4).  The 
constructivist view should form the basis of Chemistry teaching because it is a 
science subject. 
 
Constructivism in the classroom incorporates three important dimensions: 
valuing the student’s point of view, using higher level questions to elicit student 
thoughts and valuing the process of student thinking rather than student answer 
or product (Freiburg & Driscoll, 2000, pp. 307 – 308).  During class time 
questioning, Chemistry educators apply this approach by telling the students 
that it is not a disgrace to give a wrong answer; the disgrace is in not learning 
from one’s mistakes.  In this way educators can demonstrate to them an 
appreciation of their participation and courage in making a statement that can 
then be used to guide all the students to the correct answer. 
 
Fisher (2003, p. 212) goes on to point out that the construction of knowledge 
comes about through the need to assimilate, translate and accommodate 
knowledge into our schemes of existing ideas.  Scientific claims depend not 
only on interpretations of events, but also on our understanding of the concepts 
we use to describe phenomena.  This requires from learners/students the 
developing of understanding and patterns of reasoning.  Since the knowledge 
base of science is always changing, students need to know how to work with 
knowledge, but also to be aware of its limits.  Fisher (2003, p. 213) states: “No 
matter how certain we are from the evidence of experience there is always the 
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possibility of doubt.”  This ties in with the scientific method which students 
learn about in their Chemistry.  This well-known approach describes how 
mankind notices a phenomenon, thinks about it and comes up with a hypothesis 
to describe a relationship.  This hypothesis is then tested under controlled 
laboratory conditions.  If need be, the hypothesis is then altered to comply with 
the experimental results and the findings are published.  This allows other 
scientists the chance to prove or disprove the hypothesis (Gillespie, Eaton, 
Humphreys & Robinson, 1994, p. 63).  Thus knowledge is shared and never 
static. 
 
Although the constructivist view of building up knowledge is the accepted norm, 
Treagust, Duit & Fraser (1996, p. 4) point out that many students hold a passive 
view and conceptualise learning as “the transfer of canonical knowledge that is 
then stored in memory”.  Research also reveals that students’ pre-instructional 
conceptions are difficult to change by instruction (Treagust, et al., 1996, p. 7).  
This implies that a dichotomy exists between what the teacher views 
constructivist learning to be and what the students perceive it to be. 
 
To improve throughput rate, it would therefore be just as effective to help 
change the student’s study habits as to change teaching behaviour (Bitzer in 
Sharwood, 1998, p. 26).  This poses the challenge to the educator to become a 
facilitator of each individual’s personal constructional processes by establishing 
classroom interaction patterns that promote each individual’s exploration and 
resolution of ideas within the socio-cultural context of the Chemistry access 
course classes. 
 
Cobb (cited in Treagust, et al., 1996, p. 8) suggests that the aim is to solve 
problems in Chemistry through the achievement of conceptual understanding 
rather than the application of a prescribed method.  The aspect of teaching 
towards conceptual change will be addressed in more detail in a later 
paragraph. 
 
Duit and Confrey (1996, p. 90) highlight the concern that it is not only 
understanding of science content that matters in constructivist approaches, but 
also issues pertaining to a satisfactory classroom climate.  The components and 
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importance of classroom climate (the learning environment) were mentioned 
earlier, but will also be discussed in more detail further on. 
2.3.6 Teaching Strategies/Methods of Instruction 
As discussed earlier, teaching strategies or methods of instruction include the 
ways in which the content is transformed into new learning for the students.  (A 
strategy is defined as a plan whereas a method is defined as the way in which 
the plan is executed.)  The content can be transferred directly from the teacher 
to the student through lecture, demonstration, drill, and questioning.  The 
content may also be transferred more indirectly through grouping, discovery, 
inquiry, role-play, and simulations (Freiburg & Driscoll, 2000, p. 37).  The 
educator can apply all of these strategies, not only to ensure a variety of 
presentation, but also to try and accommodate the different learning styles of 
the Chemistry access students.  The concept of learning styles will be 
discussed later. 
 
Teaching methods are the means by which the teacher attempts to bring about 
the desired learning and includes selecting content and instructional material as 
well as teaching procedures.  It determines to a large extent what students 
actually learn (Clark & Starr, 1991, p. 9) and, as Lee Cronbach pointed out, 
must be matched to the strengths of individual students (cited in Entwistle, 
1987, pp. 17 – 18).  The awareness of knowing when to change or adapt 
strategies can also be a consequence of reflecting on teaching practice.  This 
has already been discussed under the roles of the teacher. 
 
The literature review will now focus on selected teaching strategies/methods. 
2.4.6.1 Establishing Pre-knowledge 
In Chapter 1 it was pointed out that the access students were under-prepared 
for tertiary education and that they had weak matriculation results.  As already 
mentioned, the constructivist approach is favoured in the access Chemistry 
course and therefore the educator has to determine what pre-knowledge the 
students have to identify a starting point from which to build up their knowledge.  
This in turn will motivate students and give them confidence.  Students must be 
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encouraged to draw upon what they already know to establish the meanings 
of sentences and unfamiliar words (Clark & Starr, 1991, p. 308). 
2.4.6.2 Interdisciplinary Links 
Inglis (1993, p. 133 – 134) believes that the interrelationship between concept 
development and language ability makes a strong case for a much closer 
interaction between the ESL lecturer and the subject specific lecturer, in this 
case, Chemistry.  Potgieter’s study (1996, pp. 12, 15) also recommends that 
ESL learners should be helped by means of joint literacy and content activities 
to enable them to internalise the concepts.  She agrees with Crocco et al. 
(2003, p. 23) that it is commonly accepted that a curriculum must make 
connections across disciplines and to students’ lives to make learning relevant 
for a diverse student body.  Crocco et al. point out that research has also 
reported obstacles to this kind of interdisciplinary curriculum.  This implies that 
the creation of links between Chemistry and the other disciplines that access 
students are studying in the course, such as Mathematics, Physics and English, 
would be desirable, but it should also be borne in mind that these connections 
are not always very easy to establish.  It is essential that class time also be 
scheduled to incorporate interdisciplinary work, otherwise problems can be 
experienced, as Crocco et al. (2003, p. 23) have reported. 
2.4.6.3 Conversations/Discussions 
Teaching strategies that would develop successful learning (for example asking 
questions, checking and revising) are valuable, but according to Fisher (2003, 
p. 15), learning depends upon conversations.  These conversations take the 
form of negotiation of personal meanings through dialogue with others and will 
lead to improved understanding.  He points out that these conversations are 
particularly effective if they are carried out in pairs or groups where different 
ways of interpreting experience can be explored for mutual benefit.  This 
teaching strategy fits the requirement of a constructivist approach for a 
classroom interaction pattern that promotes individual exploration and resolution 
of ideas, as indicated earlier. 
 
Clark & Starr (1991, pp. 14 – 15) describe direct teaching as teacher-directed 
teaching and is effective for teaching basic skills and will benefit low socio-
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economic and young students.  Indirect teaching is less structured and more 
of an open method of teaching that works better for concept development and 
higher order thinking.  Older students do better in indirect classes.  A 
combination of both methods would suit young access students who mostly 
come from poor socio-economic backgrounds, but who have to develop the 
higher order thinking skills needed for success in higher education. 
 
One reason teachers sometimes pick inappropriate teaching strategies and 
techniques is that they have not thought through what it is they are trying to do 
and do not comprehend what understanding and knowing entail (Clark & Starr, 
1991, p. 34).  A teacher should be sensitive to the subtle changes that can 
occur from one class group to the next and be prepared to accommodate these 
differences.  Ornstein & Lasley (2000, p. 63) point out that good teaching is 
really about caring and sharing, the capacity to accept, understand, and 
appreciate students on their terms and through their world, making students feel 
good about themselves, having positive attitudes, setting achievement goals 
and getting all fired up with enthusiasm and bringing a cheerful presence.  
Teaching is a people industry, and people (especially young people) perform 
best in places where they feel wanted and respected. 
 
One of the teaching aims of the access programme Chemistry course is to have 
a firm understanding of the concepts fundamental to Chemistry so that 
academic achievement can be ensured.  The literature review will now look at 
how this may be accomplished. 
2.4.6.4 Teaching towards Relational Conceptual Development 
To understand something, one must have clear concepts.  Many times we think 
we know something when actually we only have a vague notion.  When we try 
to explain the meaning of a word and find that we cannot do it, we say, “I know 
what it means, but I just can’t explain it.”  More often than not, the truth is that 
we really have only a fuzzy idea and do not really understand what the word 
means.  To really know something, we must know it well enough to use the 
knowledge (Clark & Starr, 1991, p. 34).  Entwisle states: “In the past, 
psychological research on memory has concentrated on reproduction of learned 
material.  If we are more interested in reconstruction, different ways of 
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describing memory are required.  Instead of describing it quantitatively in 
terms of how many of the pieces of information presented by the teacher can be 
retrieved to order by the student, it has to be described qualitatively in terms of 
the personal meaning generated by the students.” (Entwistle, 1987, p. 50).  For 
example, access Chemistry students are supplied with a written definition and 
are then required to repeat/explain the definition without using any of the terms 
in the written definition.  This forces them to decide what each term means so 
that they can use either a suitable synonym or explain the term in simpler 
words. 
 
Science (and thus Chemistry) is the construction of concepts and one way to 
develop a concept is to map the boundaries of the term (Fisher, 2003, p. 33).  
Clark & Starr (1991, p. 36) expand on this idea by stating that concept teaching 
is especially effective when you provide students with a framework on which to 
build their concepts.  For instance, a definition followed by examples seems to 
work well.  Mixed methods work best for teaching concepts.  Learning through 
activities and discussions as well as feedback tends to make concepts clearer.  
All this takes time and requires a supportive, anxiety-free classroom 
atmosphere. 
 
As mentioned, science is learnt by means of the development of concepts.  To 
be effective the teacher’s approach must be linked to everyday life.  It is 
important to provide opportunities for students to use their own experiences, but 
it is also essential to help them to develop a more sophisticated 
conceptualisation of what is being learned.  Often the naïve conceptualisations 
drawn from everyday experience are inaccurate and misleading.  (As mentioned 
before, these access students are disadvantaged with respect to prior 
knowledge because of the lack of support from their family background.)  These 
naïve conceptualisations actively interfere with fuller understanding, and thus 
students have to be helped to re-conceptualise their experience by having their 
current concepts challenged by new evidence, which will not fit into their current 
understandings.  The gap between naïve and formal concepts is particularly 
marked in science.  Students often have erroneous explanations of everyday 
events rooted in their naïve conceptualisation or alternative frameworks of 
understanding (Entwistle, 1987, p. 38). 
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2.4.6.5 Teaching for Thinking 
One of the most important things a teacher can do in the classroom, regardless 
of subject or grade level, is to make students aware of their own metacognition 
process – to teach students to examine what they are thinking about, to make 
distinctions and comparisons, to see errors in what they are thinking about and 
how they are thinking about it, and to make self-corrections (Ornstein & Lasley, 
2000, p. 17). 
 
According to Fisher, the challenge to improve children’s thinking, learning and 
language lies at the heart of education.  It also lies at the heart of the world-wide 
‘philosophy for children’ movement, which uses philosophical enquiry to 
enhance the thinking, learning and language skills of students of all ages and 
abilities in more than thirteen countries around the world (Fisher, 2003, p. 1). 
 
Turner’s definition (cited in Freiburg & Driscoll, 2000, p. 14) of thinking skills 
refers to all of the mental processes individuals use to obtain, make sense of, 
and retain information as well as how they process and use that information as 
a basis for solving problems.  Fisher (2003, p. 41) argues that thinking skills can 
be divided into the following categories: concept formation skills, enquiry skills, 
reasoning skills and translation skills.  Some of the thinking skills being 
addressed by both pedagogy and curriculum are logical thinking and creative 
thinking, problem solving, and inquiry.  Such skills will require that students be 
actively engaged in the learning process (Freiburg & Driscoll, 2000, p. 14). 
 
According to Fisher (2003, p. 41) thinking skills alone are not enough.  The 
following dispositions are needed to use them: 
• critical dispositions (attitude of thinking for oneself, seeking reasons, 
judging with criteria, questioning and challenging any given idea) 
• creative dispositions (building self-esteem, empathy and respect towards 
others) 
 
Ornstein & Lasley (2000, p. 21) point out that the teaching of critical thinking is 
very important because the teacher cannot teach students everything that they 
need to know.  Ashington states that our rapidly changing society requires 
students to be taught how to assess their knowledge state, how to find out 
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things for themselves, and how to evaluate conflicting sources of information 
(cited in Ornstein & Lasley, 2000, p. 22).  Sternberg (cited in Ornstein & Lasley, 
2000, p. 22) also feels that it is important to teach students to think in a way that 
prepares them for life outside of an educational institution, which may bear little 
resemblance to what goes on inside it.  “The rate of change within society is 
accelerating so rapidly that it is difficult to assess what factual knowledge will be 
needed in the future, and this means that schools should be less focused on 
imparting information than on teaching students to learn and to think for 
themselves” (Fisher, 2003, p. 8).  These statements had some value because 
educators have to teach the students how to learn so that they may adapt in the 
future, but one must not lose sight of the fact that Chemistry is a science subject 
and the students do need the factual and basic knowledge that this subject 
demands.  They have to know the ground rules, chemical relationships and 
basic principles to be able to build up future concepts.  For example, when 
writing chemical reactions, the law of conservation of matter must be obeyed, 
and therefore the equation must be balanced. 
 
Nelson (2004, pp. 408 – 409) points out that engaging students in critical 
thinking about content requires a set of strategies that aim to challenge 
teachers’ curriculum decision-making process.  He refers to a list compiled by 
Potts of discrete skills related to an overall ability for critical thinking.  The list is 
as follows: 
• find analogies and other kinds of relationships between pieces of 
information; 
• determine the relevance and validity of information that could be used for 
structuring and solving problems; 
• find and evaluate solutions or alternative ways of treating problems. 
 
Nelson (2004, p. 409) further points out that that there is also a list of typical 
hallmarks of teaching for critical thinking: 
• promote interaction among students as they learn; learning in a group 
setting often helps each member to achieve more; 
• ask open-ended questions to encourage students to think and respond 
creatively, without fear of giving the wrong answer; 
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• allow sufficient time for students to reflect and make them realise that 
they are expected to deliberate; 
• teach for transfer by pointing out to students how they may use these 
skills in other situations as well. 
 
These procedures will make the students realise that content knowledge is 
never static and questions initiate knowledge production. 
2.3.7 Link between Teaching and Learning 
A major reason for the lack of success in lectures may be the students’ lack of 
preparation in how to respond in order to learn from the lesson strategy.  
Teachers therefore must not neglect to teach students how to listen to a lecture 
or how to take notes during a lecture (Freiburg & Driscoll, 2000, p. 199).  In 
other words, the teacher must teach the students how to learn. 
 
Ornstein & Lasley (2000, p. 161) warn that there is often a gap between what 
students understand and what teachers think they understand.  They suggest 
that the teacher must insist that students respond to the questions put to them.  
Students who do not know answers or have trouble in understanding the lesson 
tend to mumble or speak too quietly to be heard clearly.  The teacher should 
therefore be alert to these signs and take remedial action. 
 
A number of teaching-to-learn strategies have been identified in recent 
research.  Some include discussing and cooperative learning (Fisher, 2003, p. 
15), aspects that have already been discussed earlier in the literature review.   
This again shows how teaching and learning are connected. 
2.4 THE LEARNING 
According to behaviourists, the basic principles of learning reside upon a firm 
connection between stimulus (S) and response (R).  The first principle is to 
create association.  For example, when explaining a new concept, link it to a 
similar everyday occurrence (to make the knowledge indigenous) or tie it to their 
prior knowledge (to apply the constructivist approach).  The second principle is 
to make use of repetition, for example, re-explaining, rephrasing or 
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summarising.  The last principle is to use reinforcement, for example, doing 
tutorials or practicals (Entwistle, 1987, pp. 6 – 7). 
 
To explain what learning is, Carl (1995, p. 54) refers to Gagne’s (1977) 
description of a learning occurrence, which can be described as what takes 
place when the stimulus situation together with the content of memory affect the 
learner in such a way that his performance changes from a time before being in 
that situation to a time after being in it.  The change in performance is what 
leads to the conclusion that learning has occurred. 
 
Since learning is dependent on language, linguistic competence is important, a 
topic already discussed.  Also, already mentioned, students should also be 
taught how to learn.  The way in which students approach their learning is still 
very undervalued, as it is assumed that by the time a student enters higher 
education, he or she has already learned how to study (Fourie, 2003, p. 123).  It 
was found that language and study skills do not transfer easily when taught in a 
separate course (Rollnick et al., 1993, p. 76, citing Carter, 1991 and McDermott 
et al., 1980). These skills should therefore be taught side by side with the 
Chemistry content. 
 
One of the misconceptions the learners face is the belief that intelligence is 
developed through acquisition of knowledge (Fisher, 2003, pp. 15 – 16).  With 
this view a student may become trapped in what they already know and are not 
open to new ideas. 
 
As mentioned before, effective learning is not just the manipulation of 
information so that it is integrated into an existing knowledge base.  It also 
involves “understanding the relationship between new information and what is 
already known, understanding the processes which facilitated this, and being 
aware when something new has actually been learned” (Fisher, 2003, p. 14). 
2.4.1 Aligning Teaching and Learning with Assessment 
Teaching strategies that would develop successful learning (for example, asking 
questions, checking and revising) are valuable, but according to Fisher (2003, 
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p. 15), learning depends on conversations: a topic already discussed 
previously in this literature review. 
 
Entwistle (1987, p. 2) points out that one of the difficulties teachers have had 
with psychological explanations of learning is that most psychologists have 
concentrated exclusively on the characteristics of the individual.  Education, in 
contrast, is a social as well as a personal process.  Learning, for the teacher, is 
inseparably linked to the classroom context.  The message is not that 
psychology has nothing to offer teachers because it cannot provide simple 
answers.  It is unreasonable to demand simple explanations which apply to all 
people and every different learning situation.  It should, however, be possible to 
see which ideas are of most value for particular educational objectives in certain 
classrooms or subject areas.  The appropriate use and interpretation of the 
principles of learning then become part of the professional skill of the teacher 
(Entwistle, 1987, p. 29).  These are also topics that were discussed previously 
and show how teaching, learning and assessment are inter-linked. 
 
Since education involves more than the effective storage and retrieval of 
information, students should be helped to apply knowledge or to think things out 
for themselves.  Such thinking necessitates the location of relevant pieces of 
information, examining their interrelationships, and then organising them 
appropriately (Entwistle, 1987, p. 43).  This statement corroborates Naidoo’s 
(1996, p. 106) already mentioned view that any learning situation should ideally 
be a construction of what has to be learned and a negotiation of meaning 
making while the teaching and learning takes place.  To build understanding 
effectively, students must be given opportunities to examine the information, to 
establish the relationships among the facts and to draw conclusions (Clark & 
Starr, 1991, p. 34).  This again supports the already mentioned constructivist 
approach to teaching. 
 
Any successful programme must respond to the learner and his or her context 
(Naidoo, 1996, p. 106).  Carl (1995, p. 53) maintains that knowledge worth 
acquiring is that knowledge which prepares the learner for the functions of life.  
Clark & Starr (1991, p. 31) state that it is imperative that students be taught how 
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to learn if schooling is to be effective.  These statements again highlight the 
links between teaching, content, context, students and learning. 
 
There are several types of knowing: we can know about; we can know that; and 
we can know how.  Learning about something is not the same as learning it or 
learning how to do it.  To illustrate, the boy who only reads about how to swim 
may drown when thrown into the water.  In Chemistry, a student who has not 
experienced how to set up a Bunsen burner properly before igniting it, could set 
himself alight instead.  To learn something, we must study it – not about it or 
something like it.  To learn to do something, we must study and practise how to 
do it.  An example of this confusion is the common error of mistaking 
memorising for understanding.  We confuse the word with the deed, the name 
with the object.  Learners are often asked to learn words and phrases that mean 
nothing to them.  This parroting is called verbalism (Clark & Starr, 1991, p. 34). 
 
In some instances, verbalism is the result of an overuse of vicarious learning.  
Much of our best learning comes through direct experience like that of the child 
who learned to fear the fire.  Fortunately, it is not necessary to get burned.  We 
can learn vicariously, through the experiences of others and used correctly, it 
can be quite effective.  It is often the only type of experience possible.  In 
education there is a need for both vicarious and direct learning.  Everything else 
being equal, direct learning is usually more effective than vicarious learning 
(Clark & Starr, 1991, p. 35).  It is for this purpose that the doing of practicals in 
the Chemical laboratory is so essential because then the students learn directly.  
However, by following safety procedures, they also learn vicariously. 
 
Realistic learning situations help make the learning meaningful to the student 
and thus help to avoid verbalism.  Only meaningful material can be learned 
efficiently.  Firstly, if the learning content is meaningless to the learner, it is 
useless.  Secondly, meaningless material is much more difficult to learn than 
meaningful material.  To avoid mere verbalism and inefficient learning among 
students, the teacher must ensure that all learning situations in the class are 
meaningful.  Teachers should prepare students for material so that they will find 
it meaningful when they study it (Clark & Starr, 1991, p. 35).  In the Chemistry 
laboratory this is illustrated by the purpose and use of the “pre-prac talk”.  
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Students must know beforehand what they are going to do, why they have to 
do it, how they are going to conduct the experiment and what to expect or what 
data to gather in order to draw the correct conclusions from the results. 
 
According to Fry, Ketteridge and Marshall (1999, p. 21) not everyone learns in 
the same way or equally readily about all types of material.  This view is 
corroborated by Clark & Starr (1991, p. 31) who also emphasise that learning is 
an individual matter.  It is the learner who does the learning, not the teacher.  
For this reason as well as others, teaching should be centred on the students. 
 
To understand learning and learning styles one needs to know something of 
how the brain works.  Learning occurs when the brain makes patterns from 
stimuli it encounters.  In building patterns, the brain first spots the big picture 
and then fills in details.  For effective learning to occur, the cerebrum brain 
should be in use and not the primitive limbic brain.  The former allows a person 
to use higher order mental processes whereas the latter is used more for rote 
learning.  Since fear will shut off a person’s cerebrum brain it is essential to 
create a learning environment that is nonthreatening and supportive (Clark & 
Starr, 1991, p. 32).  This idea links up with the teaching strategies that advocate 
the creation of a supportive classroom climate. 
 
Carl Rogers was a psychotherapist who became interested in education.  He 
emphasised the emotional components of learning.  He came to the conclusion 
that learning, or personal growth, depended both on creating a non-threatening 
climate in which the learner felt valued and on providing experiences to facilitate 
the expression and discussion of feelings (Entwistle, 1987, pp. 24 – 25). 
 
Regarding the contrasting explanations of learning, Entwistle states that it is 
important to recognise that all the explanations provided, be they behaviourist, 
psychometric, or humanistic, contain important and correct explanations of 
some aspects of certain kinds of learning.  But they are all partial in both senses 
of the word (Entwistle, 1987, p. 29). 
 42
2.4.2 Motivation for Learning 
Students are motivated to learn because of intrinsic or extrinsic factors and 
therefore lesson planning and instruction must seek to enhance both forms of 
motivation (Ornstein & Lasley, 2000, p. 143). 
 
Ramsden and Kember (cited in Fourie, 2003, p. 123) describe intrinsically 
motivated students as students who want to satisfy their personal curiosity, 
understand what they are learning and are actively interested in the learning 
material.  Ornstein & Lasley (2000, p. 143) describe extrinsically motivated 
students as students who require incentives or reinforcers for learning. 
 
Greene (1993, p. 110) and Ornstein & Lasley (2000, p. 176) point out that 
evidence exists that motivation can be fostered by a style of teaching which 
encourages the student to see the ultimate relevance of the material.  When 
students perceive the relevance of, understand, and are interested in the topic, 
they become success-oriented and acquire intrinsic motivation – that is, they 
pursue the goal of achievement for the sake of achievement.  “Classroom 
research in school supports the view that students are better motivated and 
more engaged in classes they find intellectually stimulating” (Fisher citing 
Stevenson, 2003, p. 7).  Greene also states that students who are fascinated by 
Chemistry will be driven by the intrinsic motivation for studying Chemistry.  Such 
students seem to be more successful in their studies (Greene, 1993, p. 110).  
 
Ornstein & Lasley, (2000, pp. 144 – 145) state that extrinsic motivation focuses 
on cognitive strategies.  Activities that enhance success and reduce failure 
increase motivation.  Some basic principles that can be used by teachers for 
enhancing extrinsic motivation are: provide clear directions, ensure a cognitive 
match, provide prompt feedback, relate past learning with present learning, 
provide frequent rewards (especially praise), hold high expectations.  This type 
of motivation also complements the constructivist view of teaching. 
 
According to Clark & Starr (1991, p. 37), courses are not very productive unless 
they bring about transfer and retention of learning.  By transfer, they mean 
using the outcome of learning in another situation.  If such transfer does not 
take place, the learning is of little value.  Students do not transfer and 
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remember extrinsically motivated learning as effectively as intrinsically 
motivated learning.  This is another argument for the fostering of intrinsic 
motivation whenever feasible.  Learning unmeaningful material does not 
transfer well, either.  Transfer is more likely to result when the application of the 
learning to other situations is pointed out.  The key to retention is renewal 
through frequent use.  Mastering and use of generalisations encourage both 
transfer and retention, for as a rule, generalisations can be remembered and 
used better than detail.  The teaching of the Periodic Table of the Elements is a 
perfect example of how this generalisation principle is applied: where students 
have to know the general trends for atomic radii, electron affinity and metallic 
nature.  If any learning is to be successfully retained and transferred, it must be 
reinforced.  Immediate correction and feedback promotes both learning and 
retention.  These topics have already been discussed under teaching for 
thinking. 
2.4.3 Learning Approaches 
Categories to approaches of learning according to Ference Marton (cited in 
Entwistle, 1987, p. 60) can be described as follows: 
1) Deep approach.  The intention is to understand.  The memory 
process used is meaningful learning utilising connections between 
concepts in the semantic long-term memory.  The meaning of the 
material is created through a web of inter-connections, which will 
include episodic as well as semantic schemata if personal experience 
is utilised. 
2) Surface approach.  The intention is to complete task requirements.  
The memory process used is rote-learning through repetition and 
rehearsal in the short-term memory until a verbatim representation of 
the material is embedded in the episodic long-term memory. 
3) Strategic approach (also referred to as achieving approach by 
Sharwood, 1998, p. 59).  The intention is to obtain the highest 
possible grades.  Students do not use a specific memory approach 
but work through previous test and/or examination papers to ensure 
that they know which sections of the content are normally examined 
and therefore “relevant”. 
 
 44
For the past twenty years there has been a general trend towards teaching 
methods that encourage a deep rather than a surface approach to learning 
(Fourie, 2003, p. 123).  The reason for this is that a deep learning approach will 
result in learning outcomes of a better quality than that of a surface learning 
approach.  Ramsden and Kember (cited in Fourie, 2003, p. 123) found that 
students who adopt a deep approach, are intrinsically motivated.  They want to 
satisfy their personal curiosity, understand what they are learning and are 
actively interested in the learning material.  In the process, they will try to base 
conclusions on evidence as well as reasoned arguments.  They will also try to 
relate ideas in a subject to ideas from other areas, i.e., create links in their 
attempt to integrate the whole and the parts in a “holistic” manner (Fourie, 2003, 
p. 123). 
 
Gow and Kember (cited in Fourie, 2003, p. 123) state that the quality of 
teaching and the attitude of teachers influence students in their approach to 
learning.  Biggs et al. (cited in Fourie, 2003, p. 123) argue that the generic aim 
of good teaching should be to adopt deep approaches to learning and to 
discourage the use of surface learning. 
 
Ausubel believes that it is possible to identify key concepts or anchoring ideas 
in every topic, and that teachers should make sure that these concepts are very 
thoroughly taught, with plenty of examples, to form a firm basis for subsequent 
learning.  Unfortunately, tests which emphasise factual recall, will not provide 
adequate evidence of conceptual understanding.  Many students cope with the 
tasks given by the teacher quite well until they are forced to think for themselves 
or display understanding.  Ausubel argues that teachers have a duty to 
encourage students to adopt active meaningful learning but his experience in 
schools suggests that, all too often, lessons are presented in ways which leave 
the students relying on rote learning.  One reason why students commonly 
develop a rote learning mind-set in relation to potentially meaningful subject 
matter is because they learn from sad experience that substantively correct 
answers lacking in verbatim correspondence to what they have been taught 
receive no credit whatsoever from certain teachers (Ausubel, cited in Entwistle, 
1987, p. 39).  Another reason is that because of a generally high level of 
anxiety, they lack confidence in their ability to learn meaningfully, and hence 
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perceive no alternative to panic apart from rote learning  (Entwistle, 1987, p. 
43). 
 
Learning with understanding is fostered when metacognition takes place (Baird, 
White, 1996, p. 190).  The use of reflective journals to elicit the students’ own 
thinking about their learning styles and preparation for assessment was 
implemented in the access course to establish metacognition in the Chemistry 
students.  The topic of journals will be discussed at a later stage. 
 
Baird and White have found that four major conditions seem to be necessary in 
order to allow for attempting to improve learning.  These conditions are time, 
opportunity, guidance and support (1996, p. 192) and will be discussed further 
on under the heading of teaching/learning strategies to promote deep learning. 
 
Approaches to learning are influenced by assessment procedures, by 
dependency on the teacher, by the time available, and by the quality of the 
teaching.  Techniques have been devised to help students to become more 
aware of their own experience.  Thus, a deep approach depends on the teacher 
providing a suitable context and the students taking more responsibility for their 
own learning strategies (Entwistle, 1987, p. 101).  The implications of this line of 
thinking would be that teachers should not adopt too extreme a teaching style.  
Their methods should include sufficient structure and detail to support serialist 
and anxious students, but also enough illustrations and opportunities for 
personal expression and discussion to accommodate the holist and the 
extrovert.  (The holist, serialist and versatile learning styles will be discussed in 
the next section.)  Where feasible, it would also be advantageous to allow 
students to choose styles of learning which suit them, with students being 
helped to recognise their own learning style (Entwistle, 1987, p. 98).  To this 
end the English lecturer in the access programme has made use of a 
questionnaire (Webb, 2003) in her class notes, which allows the students to 
determine their own styles of learning.  She schedules this for early on in the 
course and notifies the Chemistry lecturer when it has been completed, who 
then refers the students to it when teaching them how to incorporate or adapt 
their learning styles when they have to learn for Chemistry. 
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2.4.4 Learning Styles 
Clark & Starr (1991, p. 31) state that learning is an individual matter, with each 
individual learning differently to everyone else.  Some learn quickly; some more 
slowly.  Some are orientated verbally, some more physically.  Some are visually 
and some are more aurally oriented.  Some like to read; others do not.  Some 
are active; some are passive.  Differences in orientations cause students to 
adopt different learning styles that are probably the result of their earlier 
learning and their emotional and physical development.  Learning styles are 
neither good nor bad.  One style may be effective in one type of situation, 
whereas another may be effective in another type. 
 
Gordon Pask, (cited in Entwistle, 1987, pp. 61 – 64) briefly describes three 
styles of learning as follows: 
1. Holist idiosyncratic & personalised (described as divergent, 
impulsive and global), suitable for humanities – uses 
mainly right hemisphere of the brain. 
2. Serialist step-by-step (described as convergent, reflective and 
articulated), using logic rather than intuition, suitable for 
sciences– uses mainly left hemisphere of the brain. 
3. Versatile can incorporate both or either of holist and serialist. 
 
It is therefore necessary for teachers to provide different learning environments 
and teaching strategies for different students so that each student can find the 
learning situation compatible with his cognitive style at least part of the time.  
For teaching to be effective, students must be taught how to learn (Clark & 
Starr, 1991, p. 31). 
2.4.5 Outcomes of Learning 
Entwistle (1987, pp. 118 – 119) points out that teaching and learning is a 
complex interactive process in which the outcomes depend on the classroom, 
the teacher, peers and the individual student.  Precise predictions of the 
outcomes of learning cannot be given, but the teacher can think about ways of 
improving the quality and quantity of learning in the classroom.  Teachers are 
reminded that the ability to adopt a deep approach to studying is not just a 
matter of skill.  It depends on motivation, self-concept and attitude on the one 
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hand, and on the reward systems and teaching methods in the classroom on 
the other (Entwistle, 1987, pp. 118 – 119). 
 
Koppi et al. (1997, p. 245 – 247) list the outcomes that can be expected of 
students that take a deep approach to learning as: holistic appreciation, 
knowledge that is active, communication and teamwork skills, problem-solving 
and critical thinking abilities and lifelong learning attitudes.  Koppi et al. state 
that of these outcomes, studies have shown that prospective employers 
particularly value communication, teamwork and critical thinking. 
 
The literature review will now consider the different teaching and learning 
strategies that may be employed to promote deep learning in the Chemistry 
access students. 
2.4.6 Teaching/Learning Strategies for Promotion of Deep Learning 
The strategies will be discussed under the headings of: tutorials, group work, 
reflection, journal writing, classroom climate and pace of work. 
2.4.6.1 Tutorials 
Multiple rounds of practice and revision are essential to student success 
(Crocco et al., 2003, p. 24).  This statement also links with the already 
mentioned principle of learning, namely that of reinforcement.  Tutorials are a 
well-known strategy to use after dealing with an amount of work to enable 
students to grasp a body of knowledge through practice and discussion 
(Kember et al., 1996, p. 213).  To ensure that the students grasp the work of the 
week, tutorials are normally scheduled for a Friday.  These are conducted by an 
experienced and used to incorporate both the theory dealt with in class and the 
theory dealt with in the practical session.  This allows the students to form a link 
between the theory and practice and also allows them time for reflection.  To 
make the work more relevant, use is made of old test or examination questions.  
This is also to try and accommodate those students with a 
strategic/achievement type of learning approach. 
 
Since the tutorials are conducted by an experienced educator (peer supporters 
were not available), the tutorials became more effective and the students do not 
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regard them as just another lecture.  In support of this aim, Kember et al. 
(1996, pp. 213 – 214) claim that it is important that students participate in the 
discussions.  Perennial problems that tutors experience in this regard are: 
unprepared groups, discussions dominated by individuals or an awful silence.  
To avoid these problems, two techniques are used.  One way is to provide the 
students with a numbered list of questions.  A problem is then allocated to 
individual students as they sit in their rows and a set pattern is never followed 
when handing out tasks to prevent the students all wanting to sit at the back.  A 
certain time is then allocated for the whole class so that each one first gets a 
chance to answer his/her question and when the allotted time is up, each has to 
read out/solve their problem for the rest of the class to hear or see.  This is very 
effective, but time-consuming. 
2.4.6.2 Group Work 
Another way of encouraging students to participate during tutorials or class 
discussions is by means of group work.  It is essential that the group sises are 
not too large to allow each student a chance to participate, especially shy 
students.  A workable size seems to be a maximum of six students per group, 
as this will result in a fluid group that does not require a leader (Kember, et al., 
1996, p. 218).  This recommendation is followed and the students are 
encouraged to form groups.  When working in the classroom groups of four 
have proved to work best, i.e. two desks moved closer where they sit facing 
each other because this is the quickest and most convenient.  When working in 
the Chemical laboratory, couples are usually allowed to work together, to 
ensure that each student has to participate.  This has the added benefit of 
making each student feel a valued member of the class. 
 
Clark & Starr cite the Schmucks when they point out that although students 
learn as individuals we teachers must teach these individuals as groups (Clark 
& Starr, 1991, p. 38).  Consequently, we should try to use teaching strategies 
and techniques that will produce effective learning in classroom groups.  To do 
so, it is necessary to understand something of the nature of groups and how 
they work.  A positive social climate is necessary for maximum learning and is 
typical of classrooms in which the students know and accept one another and 
are accepted by the teacher.  They work well together, understand group goals, 
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know and accept what their own roles and responsibilities are in working 
towards the group goals, and take satisfaction in their roles.  In other words 
students are able to develop their feelings of personal worth, belonging and 
security within a group, so that they can learn better (Clark & Starr, 1991, pp. 38 
– 39).  Realising the worth of these statements and agreeing wholeheartedly 
with them, the educator has implemented the following strategies: 
• To create a democratic classroom the students are allowed to elect their 
own class representative who then reports on their behalf.  The students 
are assured that whatever the class representative says will not be held 
against him/her, because s/he is speaking on behalf of everybody.  This 
allows the students to negotiate test dates and other details. 
• To encourage participation (especially for the shy students) they are 
invited first to show, by raising their hands, whether they agree with an 
answer/statement.  In the process they are reassured that making a 
mistake is not a disgrace; rather not to learn from a mistake, is a 
disgrace.  This makes them less fearful of attempting to answer a 
question and also allows them all time for reflection. 
• To get to know the students by their names, class photos are taken.  The 
original photos are then offered as prizes for the highest marks in the 
class theory tests.  This acts as a great incentive and also creates 
cohesion amongst them. 
• To encourage the students to learn the value of criticism, chocolates are 
offered to whomever spots mistakes on the blackboard/over head 
projector (OHP).  This is also a great incentive and cause for merriment 
when the educator acts as if s/he has fallen off a pedestal. 
2.4.6.3 Reflection 
The topic of reflection has been discussed before, but the literature review will 
now look at how this can be employed to promote a deep approach to learning. 
 
In a broad sense, reflection may be described as thinking back to what has 
occurred in the past and considering how this will impact on the present or 
future situation.  By considering problems set in a tutorial, students are forced to 
review the work, consider problem-solving techniques that may be applicable to 
the situation and in the process, albeit sometimes without realising it 
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themselves, think about connections to other disciplines (for example 
language techniques that are applied to read and understand the problem and 
mathematical techniques required to solve a chemistry problem). 
2.4.6.4 Journal Writing 
Rollnick et al (1993, p. 76) report that ESL learners often make rapid progress 
with spoken English, but progress with writing and reading English is slower. 
They often fail to communicate their understanding to an examiner in a written 
examination.  For this reason it is essential to strengthen their English language 
skills and a widely accepted way to do this is through more practice in writing, 
such as journal writing. 
 
According to Goodier (1994, p. 2), for ESL students, journal writing has been 
popular since the 1980’s in higher education in the sciences and the 
humanities.  This type of informal writing, known as a dialogue journal, has 
several benefits.  The main one is an increase in the students’ confidence in 
writing in English.  Other positive results are better communication between 
students and teacher and the strengthening of a democratic and non-
threatening classroom atmosphere.  Since the students can express their 
attitudes and reactions to learning and personal experiences, they are able to 
interpret their experiences and in the process are employing the technique of 
self-reflection.  Kember et al. also cite several authors who see journal writing 
as a worthwhile way of encouraging reflection (1996, p. 213). 
 
Another outflow from journal writing is that this confidential relationship allows 
the teacher to become more aware of the problems that a student experiences 
and often the student can be helped by means of advice or referrals to 
counsellors.  Thus, the teaching benefits as the student feels valued. 
 
For these reasons, several authors (Goodier, 1994, p. 4; Potgieter, 1996, pp. 
12, 15 and Inglis, 1993, pp. 133 – 134) recommend the use of journals in 
content subjects as well, advice heeded in the Chemistry class.  Originally 
journals were used to obtain feedback via the Technical English lecturers to 
identify possible problem areas of content or attitudes.  Since the inception of 
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the SFC journals are employed directly to determine on a one-to-one basis 
where problems are. 
 
Learning through activities and discussions, followed by feedback tends to 
make concepts clearer.  All this takes time and requires a supportive, anxiety-
free classroom atmosphere (Clark & Starr, 1991, p. 36).  The literature review 
will now move on to aspects of classroom climate, an element of the learning 
environment. 
2.4.6.5 Classroom Climate 
The teacher has to establish a classroom climate (already discussed under 
lecturer/teacher as classroom manager and elsewhere) where both teacher and 
students respect the ideas of others and listen carefully to them (Hewson, 1996, 
p. 138).  There should also be a common acceptance that the goal of discourse 
is the achievement of shared meanings about the topics under discussion and 
that negotiated meanings must be adopted because they make sense to the 
participants and not because the teacher said so (Hewson, 1996, p. 139). 
 
As already mentioned and described under group work, a positive social climate 
is necessary for maximum learning. 
2.4.6.6 Pace of Work 
According to Clark & Starr (1991, p. 26) even the less promising youths can 
produce, if given opportunities.  They can learn whatever they need to learn if 
they are given enough time and proper instruction.  However, complex 
schoolwork and unreasonable demands may cause students to become 
uninterested and to give up. 
 
According to Entwistle it is inevitable that mastery learning over the first few 
units of a course will take much longer than conventional approaches.  But it 
does seem that the thorough learning of the initial units allow later units to be 
completed more quickly.  Thus a mastery-learning course can be completed 
within normal time allocations (Entwistle, 1987, p. 82).  This is especially 
applicable in the Chemistry access course.  Starting off slowly and thoroughly 
and using the time to teach students how to learn, has great rewards.  The 
 52
students build up confidence, mutual trust is established, and the students 
become motivated to succeed. 
 
With regard to the language aspect (i.e. ESL speakers), Potgieter also 
recommended that the teacher must speak more slowly with clear articulation 
(1996, pp. 106 – 107).  It should be noted that the teachers at school do not 
always use the correct pronunciations for the chemical terms.  Writing 
terms/difficult words on the blackboard in the way that they are used, minimises 
the problems caused by these different pronunciations. 
 
Realising that there is a cause and effect between teaching and learning, the 
literature study will now focus on the link between teaching and student learning 
and the achievement of success. 
 
2.5 STUDENT ACHIEVEMENT 
Success in the Chemistry access course can be defined in two ways.  Firstly, 
student success can be based on the aims of Chemical education (mentioned 
previously), which describe success as the achievement of and demonstrating 
competence in: 
• critical and creative thinking 
• developing attitudes and dispositions such as thoughtfulness and 
reasonability 
• relational conceptual understanding 
• engaging in reasoned conversations. 
 
Secondly, student success, based on the point of view of the PE Technikon, is a 
high pass rate (as mentioned in Chapter 1).  The goal is to meet both aims. 
 
Since the purpose of the teacher is to teach so that the students may learn, the 
next step is to look at whether the teaching is effective and whether the 
students learn what is expected of them.  The literature review will therefore 
now focus on assessment. 
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2.5.1 Assessment 
Entwistle (1987, p. 81) refers to Benjamin Bloom’s influential text explaining the 
principles of mastery-learning.  In this text Bloom drew attention to the 
correspondence between the distribution of scores in ‘intelligence’ tests and 
attainment tests.  If a large number of students are given, for example, a verbal 
reasoning test, the distribution of scores will generally follow what is called a 
‘normal curve’ – the familiar bell-shaped curve in which the majority of scores 
are around the average with progressively fewer scores found towards either 
extreme.  When teachers give an end-of-term test to a whole year group, the 
scores again typically follow the normal curve with only a few students obtaining 
very high marks.  Bloom attacked the ready acceptance of this distribution of 
marks, regarding it as a failure in teaching.  Instead of regarding intelligence as 
limiting the ability to learn, the attainment curve could be pushed up towards the 
high end by organising teaching in ways which allow the slower students more 
time and more encouragement (Entwistle, 1987, p. 81).  Since the access 
course students’ school results traditionally fall in the lower end of the bell 
shaped distribution curve, this argument is relevant for the increase of their 
attainment curve. 
 
A curriculum can be fragmented if the assessment methods are too 
standardised (Crocco et al., 2003, p. 23).  This implies that different assessment 
methods should be used.  For example, if an assignment is designed with the 
goal of utilising different assessment methods, the student will realise the 
required links.  For instance, an assignment requiring students to type up a 
complete experiment on the computer will not only incorporate their chemistry 
knowledge, but also their computer skills, mathematical skills and language 
skills.  The assessment criteria for such an assignment need to address these 
links/integrations, preferably by means of a rubric indicating the allotted marks 
for each aspect. 
 
Evertson and Emmer (cited in Ornstein & Lasley, 2000, p. 57) identify teacher 
effectiveness in raising student achievement scores, and they maintain that 
classroom management supports this.  According to the Evertson and Emmer 
Model, nine basic teaching principles are applied.  They are: rules and 
procedures, consistency, prompt management of inappropriate behaviour, 
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checking student work, interactive teaching, academic instruction, pacing, 
transitions and clarity.  All these aspects have already been discussed. 
2.5.2 Teaching/Learning Factors Affecting Student Achievement 
Cochran-Smith (citing Allington & Johnson, and Presley et al.) suggests that the 
teachers’ ability to exercise professional discretion is a major factor in student 
achievement (2003b, p. 96).  Teachers who are adaptable are great 
contributors to student success, an aspect already discussed. 
 
Critical thinking is needed to make sense of knowledge in any subject area 
(Fisher, 2003, p. 8).  Thus it is very desirable to teach for critical thinking, an 
aspect also previously discussed. 
 
Important to the effectiveness of those efforts to improve education is the need 
for strong expectations of students success.  With those expectations, all 
teachers must work to be the best they can and to foster learning in all 
classrooms for all students (Freiburg & Driscoll, 2000, p. 17). 
 
Ornstein & Lasley (2000, pp. 307 – 308), in referring to Bloom’s list of nineteen 
teaching and instructional variables on student achievement, rank the five most 
important as follows: tutorial instruction, instructional reinforcement, feedback 
and correction, cues and explanations and student class participation.  The next 
most effective variables for student achievement are improved reading and 
study skills, cooperative learning, graded homework, classroom morale and 
initial cognitive prerequisites.  Bloom’s conclusion is that quality and quantity of 
instruction, i.e. teacher performance and time devoted to instruction are the 
most important factors related to teaching and learning.  In similar studies, 
Wang & Walberg (cited in Ornstein & Lasley, 2000, p. 308) rank the four most 
important variables as follows: quality of instruction, classroom environment, 
school policies and instructional time.  Sanders’ research confirms both Bloom 
and Walberg’s pointers that a teacher really can make a difference (cited in 
Ornstein & Lasley, 2000, pp. 308 – 310). 
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2.5.3 Students’ Perception of the Changes 
With respect to the important (already mentioned) need for strong expectations 
that all students can succeed, the literature review shows that continued 
assurance and making the students believe in themselves would eventually 
result in the students believing that they can succeed. 
 
Change must provide for cognitive and affective growth (Baird & White, 1996, p. 
192).  Baird and White draw attention to the phenomenon that people like to feel 
informed and in control.  If the access Chemistry students do not feel that they 
are in control of the learning, or feel successful, they will neither be willing nor 
able to select and apply metacognitive strategies appropriate to changing their 
style of learning. 
 
Students’ views of the teaching and learning process are important for learning 
(Treagust et al., 1996, p. 3).  As proof of this statement, reference can be made 
to Anders Fransson’s (cited in Entwistle, 1987, p. 68) study.  When studying the 
effects of interest and anxiety, Anders Fransson found that it was not the 
experimental conditions that were significant, but how the students perceived or 
experienced the conditions, i.e. those that were interested in the article were 
more likely to adopt a deep approach to studying.  Since one of the main goals 
of this study is to develop a deep approach to studying, this is a very important 
aspect.  It implies that the teacher should regularly enquire from the students 
how they perceive conditions, to be able to reassure them when stress is 
evident. 
2.5.4 Acknowledgement of Other Factors 
A prominent condition that influences student learning is poverty because it 
brings with it issues of health, homelessness, violence, abuse and neglect.  
Poverty can be an obstacle to learning (Freiburg & Driscoll, 2000, pp. 16 – 17).  
Although these important factors are recognised, they fall outside of the scope 
of this study. 
2.6 SUMMARY 
The ultimate aim of the study is to improve the pass rate of the Chemistry 
access students (the definition of success according to the institution) and to 
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empower these students to be effective as present and future learners (the 
definition of success according to the Chemical education aims).  The literature 
review has highlighted the interrelationship between the teacher, the students 
and success, as illustrated in Figure 2.2: 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: The Educational Interdependency 
The teacher can consciously apply best teaching practices, make the classroom 
student-centred, adapt to student needs and accommodate different learning 
styles.  In other words the teacher can make a difference and lead the students 
to success, but only if the students are willing to cooperate, work hard and 
adopt a deep approach to learning. 
 
As pointed out earlier, a word of warning was issued by Cochran-Smith that the 
teacher education community should avoid over-simplifying equations between 
teaching quality and test scores and equating student learning with test scores 
as these relationships are grossly inadequate to provide understanding and 
thus improve the teaching and learning in a diverse but democratic society in 
the 21st century (Cochran-Smith, 2003a, p. 5). 
 
When the access programme was designed, it was pointed out that thinking 
rather than knowledge should be its guiding priority.  Teaching for thinking will 
develop reasoning skills, it will raise self-esteem and develop moral values. 
 
 
                                            The Teacher 
 
 
 
                                               Education 
 
 
        The Students                                                    Success 
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The next chapter will focus on methodology and motivate the choice of 
research of methodology, namely action research.  The main research question 
and critical questions will highlight the focus of this research.  The sampling 
used and procedures for data collection and analysis will be discussed. 
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CHAPTER 3 
RESEARCH METHODOLOGY 
5.1 INTRODUCTION 
According to Anderson (1990, p. 6) educational research is the systematic 
process of discovering how and why people in educational settings behave as 
they do.  Research methodology is a systematic and purposeful way in which 
one collects and analyses the data to investigate a specific research problem 
(McMillan & Schumacher, 1997, p. 9). 
 
In this chapter, various aspects relating to research procedures will be 
discussed, starting off with the research design section, which deals with the 
available choices of research methodologies.  This is followed by the motivation 
for choosing action research as a methodology, with a discussion of what action 
research is and how it will be used to conduct this study.  This will be followed 
by the research question, showing the relationship between the research and 
the chosen methodology.  Thereafter, the critical questions will be discussed 
with a brief indication of how the study tried to improve the pass rate of the 
Chemistry access students. 
 
A discussion of the research sample follows. The section on data collection 
includes the tools used to collect the data.  A brief description on how the data 
was collected is also provided.  This chapter should be read in conjunction with 
the scope and limitations of the study, which have been highlighted in chapter 1. 
5.2 RESEARCH DESIGN 
5.2.1 Research Paradigm 
As mentioned in Chapter 1, a paradigm determines how a problem is 
formulated and methodologically tackled (Keeves in Sharwood, 1998, p. 36).  
Since one concern was the success rate of the students and another the desire 
to help them to change from surface to deep learners, an interpretive paradigm 
was followed (Cohen et al., 2000, p. 22).  Also, the researcher (as the teacher) 
was the primary gatherer of information and active participant in creating 
meaning.  The interpretive epistemology allowed the researcher to interpret 
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constructions through a naturalistic set of interpretive methodological 
procedures.  Furthermore, classrooms are complex social situations where 
teachers, students and researchers are constantly constructing meaning 
(Gudmundsdottir cited in Lombard, 2002, p. 75).  These above-mentioned 
assumptions reflect what Denzin & Lincoln call the constructivist-interpretive 
paradigm (cited in Lombard, 2002, p. 77). 
5.2.2 Research Approach 
As pointed out in Chapter 1, this study follows a naturalistic - constructivism 
approach because the learners were studied in their natural setting in the 
classroom and Chemistry laboratory.  The researcher also chose critical 
research as an approach, since the goal was to understand the impact a 
particular teaching approach may or may not have on the success rate of the 
Chemistry students on the access programme. 
 
In Chapter 1, reference was also made to Kerfoot & Winberg’s  (1997, pp. 18 – 
19) statement that there are two main ways of doing research.  These are 
known as quantitative and qualitative methods.  The quantitative approach 
involves the collecting of data, facts and figures; the qualitative approach 
focuses more on trying to understand and interpret processes, responses and 
contexts.  Kerfoot & Winberg further state that in qualitative research, different 
voices should be heard and that triangulation should be used to gain different 
perspectives on the same event.  Since the researcher wanted to effect a 
change in learning, which is not directly measurable, it meant that this study 
would be mainly qualitative.  To be sure that the results were not biased, the 
researcher had to obtain multiple perspectives and therefore explored different 
types of data collection such as questionnaires, journals and interviews.  
Quantitative methods were also used, because the examination results were 
analysed to establish academic performance, since the researcher wanted to 
adapt her teaching to be able to empower her students to obtain better results 
in Chemistry.  This is in agreement with Ary et al. (2002, p. 23) who refer to the 
new trend of rapprochement, where the same study can make use of both 
quantitative and qualitative data. 
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In looking at means of obtaining information for this study, the researcher had 
to select a research method from the different types available.  In Chapter 2, the 
concepts of reflexive thinking, the scientific approach, and the constructivist 
theory were discussed.  As shown, they all have a cyclic nature: a feature the 
researcher felt would be complemented by the cyclic nature of action research.  
The researcher therefore chose action research as the methodology of this 
study. 
 
Design connects theoretical paradigm (in this case a constructivist-interpretive 
paradigm) to strategies of inquiry (in this case action research) and methods of 
collecting empirical material.  In this study, the research design consisted of an 
action research study as inquiry study with questionnaires, journals, interviews 
and examination results as data collection methods.  The following section will 
discuss the chosen methodology of action research. 
5.3 ACTION RESEARCH 
5.3.1 Introduction 
After having consulted other authors, Zuber-Skerrit (1992, p. 87) describes 
action research, as an appropriate and effective way to integrate educational 
research and teaching practice.  Kerfoot & Winberg (1997, p. 19) briefly 
summarise how action research differs from other qualitative research methods: 
• Knowledge is not produced for a scientific community but for other 
practitioners and those who share their daily reality 
• Action research aims to transform educational settings 
• Action research is done in an action-orientated setting.  Reflection on 
action is the driving force of the research. 
 
Action research can therefore be described as a powerful tool for change and 
improvement at the local level (Cohen et al., 2000, p. 226).  It has the 
fundamental aim of improving practice rather than to produce knowledge (Elliot, 
1991, p. 49).  Elliot points out that action research integrates teaching and 
teacher development, curriculum development and evaluation, research and 
philosophical reflection into a unified conception of a reflective educational 
practice (Elliot, 1991, p. 54).  The literature study in Chapter 2 identified as one 
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of the roles of a lecturer of access students, the role of being a reflective 
professional. In order to understand the relationship between her teaching 
practice and the achievement of her students, the researcher has to adopt a 
reflective educational practice. 
 
Entwistle & Nisbet (1972, p. 10) describe action research as less concerned 
with understanding the educational process and more aimed at introducing 
effective means of dealing with immediate problems.  This view is supported by 
Vockell & Asher (1995, p. 10) who point out that action research refers to the 
practical application of the scientific method or other forms of disciplined inquiry 
to the process of dealing with everyday problems.  Crocco et al. (2003, p. 21) 
also point out that action research involves classroom practitioners in identifying 
a problem that needs investigation by developing an action plan, implementing 
the plan, collecting data, and reflecting on the results.  They believe that this 
process provides both personal and professional growth, in that action research 
creates a climate of inquiry that results in collaboration and attempts at solving 
problems.  Vockell & Asher (1995, p. 10) believe that when this process is 
followed by educators and problems are solved, the educators will feel more 
productive, a statement with which the researcher concurs. 
 
This disciplined inquiry of action research is more concerned with specific 
classes and programmes and less concerned with generalised conclusions 
about other classes and programmes, as pointed out by Vockell & Asher (1995, 
p. 10). Since the goal of this study was to solve the problem of a low success 
rate of a specific group of students, (the Chemistry students attending an 
access programme at a higher education institution), action research was 
chosen as a research strategy. 
 
Kerfoot & Winberg (1997, p. 33) cite Stenhouse, who believes that the 
knowledge that we teach has been won through research and that such 
knowledge cannot be taught correctly except through some form of research-
based teaching.  Stenhouse states that the grounds for this belief are 
epistemological.  To prevent the falsification of knowledge offered as a result of 
research, he warns against detachment from an understanding of the research 
process. He maintains that in teaching there is always a retaining of power as 
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well as a conferring of power.  He further states that research-based 
teaching, conceived as enquiry-based teaching, will shift the balance of power 
towards the student.  He reasons that it is the own research or enquiry of the 
teacher, which gives the teacher the strength to do this. 
 
This is in agreement with Struwig and Stead (2001, p. 15) who view action 
research as outcome-orientated research in which the participants and the 
researcher are both involved in decisions regarding the research process. Such 
research is often conducted to empower a disadvantaged community and social 
justice is an important guiding principle.  Since the researcher is teaching 
students from a previously disadvantaged community who have to do an access 
course because of weak matriculation results, this applies to this study as well. 
 
Crocco et al. (2003, p. 21) argue that personal and professional growth will take 
place when practitioners employ action research.  This argument is in line with 
Du Toit’s (1999, pp. 83 – 84) reasoning that action research can be used as a 
means of staff development, because it entails critical thinking about one’s own 
practice.  This implies not only one’s own development, but when one takes into 
consideration the statement of Kerfoot & Winberg (1997, p. 37) that action 
research questions are open questions – in other words, they generate further 
questions and there are many ways of addressing these questions, it means 
that co-operation between lecturers in the access programme will be 
encouraged.  This process could initiate further topics of research and will 
therefore promote a culture of continuous research.  This in turn will benefit not 
only the research institution, but also the access courses offered elsewhere in 
the RSA. 
5.3.2 Definition of Action Research 
To provide a brief summary of the various descriptions above, Johnson defines 
action research as: the teacher’s attempt at learning from his/her own work or 
behaviour by critically examining it (cited in Crocco et al., 2003, p. 21). 
5.4 METHODOLOGY 
In action research a teacher identifies a problem in the classroom situation.  
S/he then reflects on the problem and on a possible solution to the problem.  
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Once a possible solution has been found, it is implemented after careful 
planning and then data is gathered to obtain information about the effect of this 
implementation, i.e., to judge whether the solution was successful or not.  
Should the problem not be solved, further reflection will be undertaken to find 
another possible solution and the cycle will be repeated. 
 
Two cycles were used to conduct the study.  The first cycle was the Pre-
Technician course at Pe Technikon and the second cycle was the Science 
Foundation Certificate (SFC) At PE Technikon.  The cycles can be briefly 
illustrated as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Illustration of Cycle 1 
The time constraints built into the Pre-Technician course were a major factor in 
a decision to alter the course.  Finally, in 2003 the semester-long course was 
replaced by the Science Foundation Certificate.  The SFC is a year course with 
a new curriculum. 
Problems perceived in 
Pre-Technician Course 
Reflecting on 
problems & designing 
solutions/action plan 
Reflecting on 
outcomes of 
implementations 
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implementation 
Implementation 
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Figure 3.2: Illustration of Cycle 2 
5.4.1 Perceived Problems 
As the lecturer/teacher of the Pre-Technician Chemistry classes, the researcher 
identified several problems.  As explained in Chapter 2, the researcher found 
that the learners had a poor conceptual base in their Chemistry subject 
knowledge.  This was partly because they did not do the subject Physical 
Science on the higher grade level and also because they had weak 
matriculation results.  They struggled to master concepts, because they did not 
know how to learn for Chemistry.  They did not realise that all of the subjects in 
their Pre-Technician course were interlinked, and so compartmentalised their 
knowledge.  They also were not able to express themselves with confidence 
orally or in writing, partly because of being ESL learners and also because of 
culturally different backgrounds.  Most of the researcher’s students were young, 
in their late teens, whilst the researcher is middle-aged, so there was a 
generation gap.  Furthermore most of the students were Black and thus Xhosa 
speaking and the rest were Coloured and Afrikaans speaking, whilst the 
researcher is a White Afrikaans speaking woman.  So therefore, there was a 
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cultural difference.  Both the generation gap and the cultural difference were 
factors that could be perceived as problems but they did not form part of this 
study. 
 
Other problems that the researcher also identified were: the lack of a suitable 
and affordable textbook, the students’ financial problems, personal problems 
stemming from a poor background and a poor and over-crowded home 
environment that resulted in the students not having proper study facilities.  
They were furthermore used to working on their own and were not keen to work 
in groups. 
 
The researcher realised that she could not solve all the problems but she 
resolved to attend to those problems that were in her power to remedy.  As 
pointed out in Chapter 1, it is imperative that more students are trained in the 
SET fields and therefore the most immediate problem was to obtain a better 
pass rate in the access programme so that more students could be retained.  
To better the pass rate without lowering standards implies that teaching 
methods had to be adapted so that the students could learn more effectively. 
5.5 MAIN RESEARCH QUESTION 
Does a particular teaching approach impact on the success rate of the 
chemistry students on the access programme at the PE Technikon? 
5.6 CRITICAL QUESTIONS 
The above research question can be answered by focusing on three critical 
questions.  Each critical question is stated in bold and then discussed to show 
the relationship between it and the Main Research Question. 
5.6.1 Critical Question 1. 
Which teaching methods are the most suitable to be used to improve the 
success of chemistry students on the access programme at the PE 
Technikon? 
 
As stated in Chapter 1 and discussed in Chapter 2, the access students were 
under-prepared for higher education, mostly because they were rote learners 
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and because they had weak conceptual subject knowledge.  The problem of 
the students being rote learners could stem from having to learn concepts that 
they did not understand and having to conceptualise in a language that is not 
their mother tongue.  Since the future (i.e. main stream) educational medium is 
also English, it is imperative that the students be taught how to cope with this 
problem, while at the same time building up their conceptual knowledge.  To 
enable students to grasp the knowledge, the researcher (as the teacher) must 
implement different teaching strategies to try and accommodate their individual 
learning styles and to teach them a more effective way of learning Chemistry. 
5.6.2 Critical Question 2. 
What is a suitable assessment approach that could be used to promote 
deep learning by students of Chemistry on the access programme at the 
PE Technikon? 
 
As the literature review has shown, the type of questions asked in tests and 
examinations will greatly influence the way that students study.  If students 
perceive that factual questions are the norm, they will resort to rote learning, 
especially if they perceive the assessment as requiring verbatim textbook 
answers.  In addition, if the students lack confidence or are fearful of the 
assessment they will also not perform at their best.  It is therefore necessary to 
prepare the students adequately for assessment. 
5.6.3 Critical Question 3. 
How do students experience the current teaching approach? 
 
As the literature review has indicated, the attitude of the student is very 
important for success.  A positive and caring classroom atmosphere will help 
towards creating a learning environment that will intrinsically motivate students 
to achieve success. 
5.7 THE SAMPLE 
Ary et al. (2002, p. 566) define a sample as a group selected from a population 
for observation in a study.  The population of this study was the students on the 
Chemistry access course at the PE Technikon.  As pointed out in Chapter 1, the 
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access course changed names (as the course was adjusted) from the Pre-
Technician course to the Science Foundation Certificate.  This action research 
study focuses on these two cycles. 
 
The first cycle studies the last five years that the Pre-Technician Chemistry 
course was implemented, in other words from 1998 until 2002.  This was a 
semester course that was offered in the first and second semesters of the year.  
In the first semester there were two class groups (known as P1 and P2) and in 
the second semester only one class group.  The number of students per class 
group was approximately twenty.  The whole Pre-Technician group was taken 
as a sample for cycle 1. 
 
The second cycle of the action research studies the two years that the Science 
Foundation Certificate has been implemented, in other words from 2003 until 
2004.  This is a year course that has had two class groups (also known as P1 
and P2) of approximately 30 students per class group per year.  The whole 
Science Foundation group has been taken as a sample for cycle 2. 
 
According to Ary et al. (2002, p. 168) this type of probability sampling is known 
as cluster sampling because the unit chosen is not an individual but a group of 
individuals who are naturally together.  Although different class groups make up 
the two samples, the one factor that is common to both access courses is that 
the Chemistry teacher (the researcher) is the same person. 
5.8 DATA COLLECTION 
When data that depends on measurement is collected, two essential criteria 
have to be met, namely validity and reliability (Ary et al., 2002, p. 242).  
Reliability indicates how consistently a test measures that which it is supposed 
to measure.  Validity is the extent to which scores on a test enable one to make 
meaningful interpretations.  As Anderson (1990, p. 175) points out, a safeguard 
to the validity of the data obtained is to obtain data from as many sources as is 
possible, a process known as triangulation.  Kerfoot & Winberg  (1997, pp. 18 – 
19) also state that triangulation should be used to gain different perspectives on 
the same event. 
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To comply with the process of triangulation, the researcher used different 
tools to collect data, namely: journal entries, questionnaires, interviews and 
documents.  The various types of tools used will now be discussed. 
5.8.1 Journal Entries 
As pointed out in Chapter 2, journal writing has become popular for ESL 
speakers in higher education in the sciences (Goodier, 1994, p. 2).  This type of 
informal writing, known as a dialogue journal, is a form of communication 
between students and teacher.  Since the students can express their attitudes 
and reactions to learning and personal experiences in a confidential manner, it 
allows the teacher to become more aware of the problems that a student 
experiences. 
 
The use of journals was implemented in the Pre-Technician course.  The 
Technical English lecturers knew the identity of the students but protected their 
anonymity.  As such, they only supplied relevant staff with photocopied extracts 
of those journals which they thought might be of interest to them.  Originally the 
researcher used this feedback to identify possible problem areas of content or 
attitudes in Chemistry.  The researcher labelled these pieces of information in 
her data as “Journal Extracts”.  After attending a seminar (presented by Ann 
Austin, a Fulbright scholar from Michigan State University) on helping students 
to be more effective learners, the researcher co-ordinated with the Technical 
English lecturer and listed four specific questions for the students to answer.  
Since the journals were awarded diligence marks in the Technical English 
course, a high rate of response was obtained.  Since the students could write to 
a person detached from the subject of Chemistry, their answers were more 
forthcoming.  Again, to maintain strict anonymity, the researcher was supplied 
with photocopies of their journal entries only (i.e. no names or student 
numbers).  The researcher labelled these pieces of information in her data as 
“Four Journal Questions”. 
 
Since the inception of the SFC, the researcher also employed journals to obtain 
feedback via the English lecturers, again to identify possible problem areas of 
content or attitudes.  In addition, the researcher also used journals as a direct 
means of communication in the Chemistry class.  As a result of this one-on-one 
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basis of information gathering, the researcher could determine specific 
problems to be remedied. 
5.8.2 Questionnaires 
Ary et al. (2002, p. 566) define a questionnaire as an instrument in which 
respondents provide written responses to questions, or mark items that indicate 
their responses.  According to Anderson (1990, pp. 207 – 220) a well-
constructed questionnaire will permit the collection of reliable and reasonably 
valid data relatively simply, cheaply and in a short space of time from a large 
number of respondents.  The questionnaire can be administered in a group 
setting or widely dispersed, for example when it is sent by mail. 
 
A structured questionnaire was used to collect data from the students.  In this 
study a third person (i.e. not the researcher) administered the questionnaire 
during class time. This was to ensure more detached and honest answers, and 
that the questionnaires were completed properly and collected immediately from 
the students.  The questionnaire complied with the following characteristics as 
specified by Anderson (1990, pp. 207 – 220): 
• The questionnaire was well planned and not too long and used concise, 
simple and clear language to avoid any misconceptions 
• The questionnaire made the respondents feel valued by thanking them 
for taking the time and trouble to answer the questions and by explaining 
the purpose of the questionnaire 
• The questionnaire created a feeling of trust by requesting the 
respondents to answer the questions as honestly as possible and 
assuring them of their anonymity 
• The questionnaire was tested (prior to implementation) amongst 
peers/colleagues to check for any ambiguities or misunderstandings. 
5.8.3 Interviews 
Cohen et al. (2000, p. 268) describe the interview as an important research tool 
used to gather data.  Anderson (1990, p. 222) defines an interview as a 
specialised form of communication between people for a specific purpose 
associated with some agreed subject matter.  Ary et al. (2002, p. 382) point out 
that one of an interview’s greatest advantages is its flexibility.  The interview 
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gives an opportunity for in-depth probing because questions can be clarified 
and the interviewer can pick up non-verbal cues, for example facial 
expressions, body language and tones of voice (Anderson, 1990, p. 222). 
 
A disadvantage of an interview is bias, because as Bell (1999, pp. 139 – 140) 
points out, the manner of the interviewer may have an effect on the respondent.  
For example the person interviewed (i.e. the student) may give answers merely 
to please the interviewer (i.e. the teacher).  Having two interviewers can 
increase objectivity and also have the advantage that one interviewer can pick 
up things that the other would have missed or for reconstructing/validating what 
the interviewee has said and intended (Anderson, 1990, pp. 225, 238).  To 
prevent the distraction and waste of time of writing the answers down during an 
interview, the interview could also be tape-recorded, with the permission of the 
interviewee. 
5.8.4 Documents 
According to Bell (1999, p. 106) who cites different authors, documentary 
analysis of educational files and records can be a valuable source of data.  Ary 
et al. (2002, p. 55) describe documentary analysis as the systematic 
examination of documents to investigate specific topics or themes.  The 
researcher decided to employ two different types of documents. 
 
The first type is a review of an examination question based on the results 
obtained for it.  This type of data can be described as a document, because the 
Examination Department of the PE Technikon stores the records (i.e. the 
examination question paper, the memorandum and the answer scripts of the 
students) for a specified time.  This type of measurement tool will be used for 
both qualitative and quantitative analysis: qualitative to evaluate the standard or 
type of question asked and quantitative to look at the achieved scores. 
 
The second type of document is a results record, i.e. an overall view of the 
examination pass rates of the various Chemistry access courses.  These results 
are also available from the Examination Department of the PE Technikon.  This 
type of measurement tool will be used for quantitative analysis. 
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5.9 DATA ANALYSIS 
As Bell (1999, p. 171) points out, data collected by means of the various 
instruments mean very little unless they are analysed and evaluated.  As 
McMillan & Schumacher (1997, p. 9) point out, research methodology is 
systematic and purposeful.  Procedures are planned to yield data on a particular 
research problem and the researcher selects the appropriate data collection 
procedures/instruments.  The next section will therefore indicate, with 
motivation, which tools were used in the different cycles of this action research 
study and how the data will be analysed to answer the critical questions and the 
research question. 
5.9.1 Cycle 1 
During the first cycle, the Pre-Technician course, the researcher wanted to 
obtain data to determine problem areas of content and attitudes in Chemistry.  
The researcher therefore employed “Journal Extracts”, as described earlier.  
Extracts indicating a problem were then collected and will be discussed in 
Chapter 4. 
 
As mentioned, the researcher attended a seminar presented by Anne Austin on 
helping students to be more effective learners.  This person inspired the 
researcher and provided the basis of her desire to do research in the field of 
making students more effective learners.  The researcher realised that she 
needed more specific information than that which could be gathered from the 
haphazard “Journal Extracts”.  The researcher, therefore, decided on directing 
more pertinent questions that could reveal more specific problems to be 
remedied.  As the researcher was pressed for time, she did not want to use a 
structured questionnaire.  The researcher therefore utilised the “Four Journal 
Questions” as already described.  The questions were designed to: highlight the 
differences in teaching methods between school and the Technikon; find out 
why the Chemistry practicals were so popular; find out how the students studied 
the subject Chemistry, and what problems they experienced in expressing 
themselves in Chemistry.  Each question with the selected responses is listed 
and discussed in Chapter 4.  This data was used to answer Critical  
Question 1. 
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The Examination Results of the last five years of the Pre-Technician course 
were studied to obtain information about the pass rates of the course.  This is to 
see whether the pass rates were acceptable and whether they stayed constant 
or changed.  This data helped to answer the Main Research Question. 
5.9.2 Cycle 2 
During the second cycle, the Science Foundation Certificate, the researcher still 
wanted to determine possible problem areas of content or attitudes in 
Chemistry.  The researcher therefore again employed “Journal Extracts”.  This 
time the English lecturer forwarded the journals to the researcher via e-mail, as 
the students used computers and the Internet to conduct their dialogue journal.  
Extracts indicating a problem were collected and discussed in Chapter 4.  The 
anonymity of the students was maintained. 
 
Journal Questions were used as a direct means of communication in the 
Chemistry class.  The students were informed that the researcher wanted to 
use their responses for her research and that she therefore would value their 
participation.  Once again the students were assured of confidentiality.  As a 
result of this one-on-one basis of information gathering, the researcher could 
determine specific problems to be remedied.  Questions asked pertinently tried 
to determine attitudes regarding the researcher’s teaching approach; whether 
the students studied; and how they studied/learned.  The relevant questions 
asked together with their responses were gathered and selected sections are 
listed and discussed in Chapter 4.  This data was used to answer Critical 
Question 1. 
 
A structured Questionnaire was employed in the last term of 2004 to determine 
how the students experienced the teaching approach.  The questionnaire 
consisted of open and closed questions.  When issued to the students, the 
questionnaire was condensed to fit on one page only for ease of answering and 
to be cost effective.  (A copy in this format is attached in Appendix 1.)  The 
questions were to determine: background knowledge of the students, their 
attitudes regarding the teaching style of their Chemistry lecturer, their 
approaches to learning and their perception of the learning environment.  A 
detailed breakdown of the closed answers is supplied and discussed in  
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Chapter 4, as well as selected responses to the two open questions.  This 
data was used to answer Critical Questions 1 and 3. 
 
An Interview with a student was conducted to gain in-depth answers to 
questions and also as a means of triangulation.  The purpose of the interview 
was also to obtain an overall view of the learning environment.  The same 
student was interviewed twice.  The first interview was held in the researcher’s 
office for privacy, with only the researcher and student present.  The researcher 
wrote the questions down and presented them to the student, who then 
responded by writing her answers down.  This was done to allow the student 
time to reflect and so to prevent rushed answers.  The inexperience of the 
researcher as an interviewer resulted in not enough information being obtained 
during the first interview.  After reflection and discussion with her promoter, the 
researcher approached the student again and explained her dilemma.  The 
student kindly agreed to a follow-up interview, with the researcher’s promoter 
assisting her as a second interviewer, and to a recording of this interview.  This 
recording saved time and allowed transcription of the conversation.  (The full 
transcript is attached in Appendix 2.)  Selected extracts are discussed in 
Chapter 4. 
 
A Review of an Examination Question was also used to determine whether the 
approach to assessment was effective and whether it effected a change in the 
thinking of the students (i.e. to determine whether the students employed a 
deep approach to learning and whether they have become critical thinkers).  
The question and the marks obtained by the students are listed and discussed 
in Chapter 4.  This data was used to answer Critical Question 2. 
 
The Examination Results of the two years since the inception of the SFC were 
studied to obtain information about the pass rates of the course.  This was to 
see whether the pass rates were acceptable, stayed constant or whether there 
were changes.  It was also compared with those of the Pre-Technician course, 
to see whether the new course yielded better pass rates.  This data helped to 
answer the Main Research Question. 
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5.10 SUMMARY 
This chapter dealt with the justification of the research methodology used.  The 
fundamental reason for this research was stated in the research question, and 
the critical questions defined the approaches to be used in order to validate the 
research.  A description was also given of the two cycles used to generate the 
data and discussion followed on the methods and procedures for the collection 
and analysis of this data. 
 
The following chapter will deal with the data analysis in detail. 
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CHAPTER 4 
 DATA COLLECTION AND INTERPRETATION 
4.1 INTRODUCTION 
Chapter 3 explained how the research was conducted and gave a description of 
the sample and the instrument tools chosen for the data collection.  In view of 
the fact that the chosen methodology is action research, the data collection was 
done during the two specified cycles.  The study covers two aspects of data, 
namely qualitative and quantitative data.  For the qualitative aspect, a 
background description of the two cycles has been provided.  For the 
quantitative aspect, tables and statistics were used.  The data collected was 
analysed and discussed to give meaning to the results.  Lastly, a summary of 
the analysis has been provided. 
4.2 PROBLEMS RELATED TO DATA COLLECTION 
In Chapter 3 reference was made to Bell’s statement that data collected by 
means of the various instruments mean very little unless they are analysed and 
evaluated (1999, p. 171).  In the same vein Ary et al. (2002, p. 518) contend 
that a research project is of little value unless the findings, through a final 
written report, can be communicated to others. 
 
Entwistle states that researchers bring to the study of learning their own 
preconceptions and their own experiences of learning and teaching.  When they 
come to make sense of their data, their interpretations inevitably reflect these 
preconceptions and experiences.  He also states that those reading research 
are in a similar position: some of the ideas will seem more attractive than 
others; some plausible, some far-fetched.  He stresses the importance of 
reflecting critically not just on the ideas, but also on one’s own reactions to 
those ideas (Entwistle, 1987, p. 4).  This could mean that the researcher is 
influenced by her own background and that this influence also affects 
interpretation of data.  Therefore to provide the “thick description” that is 
required in qualitative analysis, a background to the study is provided (Geertz, 
in Cohen et al., 2000, p. 22). 
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4.3 BACKGROUND TO THE STUDY 
The action research looked at two cycles of access programmes.  The cycles 
were briefly illustrated in Chapter 3.  The first cycle is the last five years of the 
Chemistry Pre-Technician course.  During this cycle, problems and 
shortcomings were identified that eventually led to the refinement and ultimate 
replacement of the course by the present Science Foundation Certificate 
programme.  The second cycle is a study of the introduction and development 
of the SFC. 
 
The study will focus on the two main interdependent components, namely the 
students and the researcher/educator.  The students encountered problems in 
mastering their Chemistry and the researcher tried to accommodate them and 
improve their success rate by developing and improving her teaching 
approaches. 
4.4 CYCLE 1 
4.5.1 Background of the Pre-Technician Course 
The Republic of South Africa (RSA) has experienced vast changes in recent 
years due to a changed political environment.  Not only does the RSA need to 
develop a stronger and healthier economy to meet the demands of an 
increasing population, it also has to fulfil political promises made by the African 
National Congress (ANC) that affirmative action would be implemented and that 
the previously disadvantaged would be appointed in managerial and senior 
positions.  The industries identified as being vastly under-supplied with respect 
to the number of trained previously disadvantaged students are those served by 
the fields of Science and Technology (Naidoo & Lewin, 1998, p. 729).  
 
Since the schooling system in the Apartheid era has been acknowledged as the 
cause of this short supply, it is not surprising that the previously disadvantaged 
matriculants are seriously under-prepared for success in tertiary education as 
can be seen from the high drop out rate of learners at tertiary institutions (RSA, 
CHE, 2001, p. 3).  This situation is bound to continue for some time to come, 
until all inequalities of the past have been removed.  In order to address this 
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problem, several tertiary institutions have implemented various bridging 
programmes (Sharwood, 1998, pp. 51 – 54). 
 
The overall success rates of first year mainstream National Diploma Analytical 
Chemistry students from 1988 – 1995 in the Faculty of Applied Science at the 
Port Elizabeth Technikon (PET) are compared in the following table (Sharwood, 
1998, pp. 116, 120): 
 
Table 4.1 Table of Overall Success Rates for First Year National 
Diploma : Analytical Chemistry Students 1988 - 1995. 
MATRICULATION 
BOARD 
NUMBER OF 
STUDENTS 
AVERAGE 
MATRIC 
POINTS 
% PASSED 
ALL 
SUBJECTS 
White 98 29.5 65% 
Indian 5 29.2 20% 
Coloured 49 28.6 39% 
African 51 27.5 35% 
 
The Swedish Rating System (SRS), also known as the Matric Points Rating 
System, employed the school grades for Grade 12 (i.e. Matriculation), viz. 
Matric Higher Grade (HG) and Matric Standard Grade (SG) as well as the 
Technical College Grade, equivalent to Matric (N3) and was used as an 
indication of a student’s potential to succeed at tertiary education.  The following 
table illustrates the SRS (Sharwood, 1998, pp. 141, 220 – 222). 
 
Table 4.2 Table of Swedish Rating System 
Symbol obtained for subject 
 A 
80-100% 
B 
70-79%
C 
60-69%
D 
50-59%
E 
40-49%
F 
30-39% 
G 
20-29% 
H 
10-19%
HG 8 7 6 5 4 3 1 0 
SG 6 5 4 3 2 1 0 0 
N3 4 3 2 1 0 0 0 0 
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These studies showed that historically disadvantaged students, the Indian, 
Coloured and African, do not cope well with the first year of academic studies.  
Their overall pass rate was significantly lower than that of the White students, 
although their average points on the SRS compared favourably with those of 
the White students.  The potential was present but this had not translated into 
acceptable success rates for the historically disadvantaged students. 
 
In order to deal with this problem, the PET implemented the Academic Support 
Programme of the Faculty of Applied Science in July 1989.  The programme 
developed and gained a more formal status when in 1991 a department was 
established, known as the Academic Development Programme (ADP) within the 
Faculty of Applied Science.  The ADP developed the Pre-Technician Course of 
the PET.  It was envisaged that this course would bridge the gap between 
inadequately prepared school pupils and first year students.  Initially “at risk” 
students were accepted onto the course.  The course offered the subjects 
Mathematics I (a mainstream credit-bearing subject), Physics, Chemistry, 
Technology, Technical English and Lifeskills.  The reason for offering 
Mathematics as a credit-bearing subject, was that the successful students 
would have more free time in their first year of formal studies to devote to their 
difficult subjects and to allow them to experience the pace of a formal first year 
subject.  The aim of Lifeskills (a non-examination subject) was to prepare the 
students by teaching them amongst other things, study skills.  The Pre-
Technician course was offered as a semester course and all the subjects, 
except Lifeskills, had a final exam. 
 
The first couple of times that the Pre-Technician course was offered, the 
students were not allowed a choice between the subjects Technology or 
Chemistry.  Instead they had to choose which direction (i.e. Technology or 
Chemistry) they wanted to follow, after completion of the course.  The 
Technology option would allow the students access to the Engineering courses.  
The Chemistry option would prepare the students for the courses in Biomedical 
Technology, Radiography, Environmental Health and Analytical Chemistry.  
This caused problems in that the timetable of the students was extremely full, 
which meant they had very little time to visit the library or other facilities. 
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Similar to the school system, the subject marks for Chemistry and Physics were 
also combined to reflect a mark for Science.  This combination of the marks 
caused the subjects to be diminished in stature. 
 
The only staff member to be employed on a permanent basis for the ADP, was 
the person who headed the course.  He was appointed as a Chemistry lecturer 
and was only an Acting Head of Department (ADP).  All other staff used were 
either paid hourly or appointed on a contract basis.  This created a lot of 
uncertainty regarding job security amongst the ADP staff.  This uncertainty did 
result in some staff turnover; only the English and Chemistry lecturers remained 
unchanged from inception to the present.  Fortunately for the PET, the group of 
ADP staff used a team approach and was dedicated to achieving the best 
results. 
 
Most of the ADP staff, except for the researcher, came from a school teaching 
background.  The researcher was employed for the course because she was 
teaching in the Chemistry Department at the time and was therefore aware of 
the problems that the first year Chemistry students experienced. 
 
As time went on, various stakeholders identified aspects of the course that 
needed modification. 
 
Firstly, changes were made to the curriculum.  As previously mentioned, the 
subjects offered were Mathematics I (a first year credit-bearing subject), 
Technical English, Physics, Lifeskills and a choice between Chemistry and 
Technology.  In order for students to realise the importance of Lifeskills, it was 
decided that this subject also had to be formally assessed.  It was further 
decided that Technical English and Lifeskills would use continuous assessment, 
while examinations would be the norm for the rest of the subjects. 
 
Secondly, more stringent entrance requirements were implemented.  “A 
successful programme is not only dependent on the course material and the 
staff presenting it.  Its success is also dependent on identifying those students 
who have the capacity to succeed” (Sharwood, 1998, p. 10).  Students had to 
comply with a certain level of competency according to a Swedish Rating 
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System (SRS) as it was realised that students had to stand some chance of 
being successful.  Applicants were required to have taken Mathematics and 
Science as matric subjects with a minimum pass of an F symbol in Standard 
Grade.  An SRS score of above 22 allowed direct access to the Pre-Technician 
course.  If their scores were too low to be accepted, they had to go for further 
aptitude tests or were called in for an interview.  The Pre-Technician course 
was offered on this basis from 1991 up to the end of 2002, which means it was 
repeated for 12 years, i.e. a total of 24 times. 
4.5.2 Background of Researcher 
The researcher, herself a trained product of PE Technikon education, had 
worked in the field of Chemistry for more than ten years prior to accepting the 
lecturing post in the Chemistry access programme.  As such, she knows what 
the job requirements are that the students would have to meet in order to satisfy 
the needs of industry. 
 
The researcher obtained her Baccalareus Technologiae in Post School 
Education (cum laude) in 1996.  The reason for her adding an Educational 
qualification to a science and technology one, was twofold.  Firstly, she realised 
that she needed to grow and improve her skills as a lecturer and secondly, the 
combination of Analytical Chemistry and Educational qualifications would be 
ideally suited to serve the intended purpose of this research. 
4.5.3 Background of Pre-Technician Students 
Apart from the first intake who were mostly older students, the Pre-Technician 
(Pre-Tech) students studying at the PET are in their late teens, having 
completed their matric at most, two years prior to enrolment. 
 
These Pre-Tech students are mostly disadvantaged students, coming from 
schools that historically fell under the Department of Education and Training 
(DET) that regulated schools catering for Black students, and the House of 
Representatives that regulated schools for Coloured students.  Although the 
programme was open to all “at risk” students, the ethnic distribution of the 
students up to 1998 was as follows: (Sharwood, 1998, p. 144) 
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Table 4.3 Ethnic Distribution of Pre-Technician Students 
Ethnic Group African Coloured Indian White 
Distribution 77% 13% 1% 9% 
 
As can be seen from the table, most of the Pre-Technician students were 
African and Coloured.  This distribution continues to be apparent. 
4.5.4 Problems Perceived in Pre-Technician Course 
Sharwood (1998, pp. 109 – 105) found that normally the mother tongue of the 
African and Coloured students is not English.  In the Eastern Cape the African 
mother tongue is Xhosa and the Coloureds are, for the most part, Afrikaans.  As 
such, they experience difficulty with the English language because they are 
mostly English Second Language (ESL) learners.  They consequently also 
struggle to develop concepts, to explain answers and to communicate verbally 
and in writing. They are also not able to form an overall view of their Chemistry 
course or their Pre-Technician course, because they are inherently surface 
learners; they experience difficulty with analysis, synthesis and evaluation.  
Problem-solving skills are lacking, along with subject knowledge and skills.  
Communication is restricted, partly because of the language problem and the 
different cultural backgrounds of teacher and learner.  Co-operative learning is a 
skill that the students also have to acquire to be able to cope with future 
pressures of large amounts of work.  Students also have to be made to realise 
the need for continuous self-development (Sharwood, 1998, pp. 109 – 115). 
4.5.5 Reflecting on Problems and Designing of Solution/Action Plan 
Two main problems were encountered in trying to teach students Chemistry, 
viz. communication and method of learning.  Each problem will be discussed 
individually and reflections on the problem will be indicated.  This will be 
followed by the designed solutions and/or action plan and how the action plan 
was implemented.  Data was then collected to see whether the action plan had 
the desired effect (i.e. outcomes of implementation will be measured) and 
reflection will then take place on the outcomes of the implementation. 
 82
Problem 1 Communication 
The first communication problem encountered was to teach, ESL students, 
through the medium of English, a subject that is fraught with specialist 
terminology.  Although the ADP had two excellent and dedicated language 
teachers in Technical English, the realisation occurred that it was not possible 
to divorce the subject of Chemistry from a basic proficiency in English and that 
mere co-operation between the language and Chemistry, was not good enough.  
Since language lecturers could not be expected to anticipate, cover and explain 
all terminology used in science, the presentation of Chemistry had to be 
adapted to address the shortcomings in English in such a way that Chemistry 
became understandable. 
 
Historically disadvantaged ESL students traditionally had difficulty in expressing 
their thoughts in a logical and clear manner (Goodier, 1994, p. 1).  These 
students did not always realise that their main stumbling block was their inability 
to grasp the terminology used in the inter-related sciences i.e. Chemistry, 
Economics, Physics and Mathematics.  When it came to answering multiple 
choice and essay questions, their language deficiencies resulted in very high 
failure rates (Banach, Fuzile & Rampedi, 1992, p. 28). 
 
It is imperative that students be taught to understand and use Chemistry 
terminology, not only so that they can be specific in their descriptions, but also 
so that they can utilise their textbooks.  Chemistry is all around them and is part 
of their everyday lives.  As such there are many terms that can have more than 
one meaning.  They must therefore learn to be specific in the expression of 
these ambiguous terms. 
 
To facilitate the understanding of scientific terminology, it is suggested that one 
should employ the technique of code-switching as advocated by Peires (1994, 
p. 21).  This approach proved successful only with the Afrikaans speaking 
students, as the educator could explain in their mother tongue.  Unfortunately, it 
was not so successful for the Xhosa speaking students as they either resisted 
Afrikaans for political reasons or else they did not have any expertise in it.  A 
possible alternative solution to code-switching had to be developed. 
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Problem 2 Method of Learning 
The second problem encountered with the students was their method of 
learning.  These learners proved to be mostly rote learners and needed to 
change their mode of learning from surface learning to deep learning.  The 
learners also did not automatically apply knowledge across disciplines.  The 
ability to transfer knowledge is linked to deep learning (Entwistle, 1987, p. 58).  
This research wanted to address this problem since it would ultimately lead to a 
higher success rate. 
4.5.6 Implementation of Action Plan 
It was resolved to attempt to remove any stumbling blocks that language may 
cause.  The approach followed was to explain each term as it originated.  For 
example: 
 
Thermal decomposition proves that hydrated salts yield moles of water. 
 
When first confronted with this statement, most students had no idea what was 
meant.  On explaining that thermal refers to temperature and thus heat ; that 
decomposition means breaking up ; that hydrated refers to “hydro” which in turn 
implies water ; that yield means to give or produce and finally that the moles 
refer to a defined quantity of matter and not the garden variety ─ the message 
was understood. 
 
Another strategy that was implemented was to make use of analogy to explain 
the difference between evaporation and vaporisation.  Although they may seem 
alike, there is actually an important difference.  Evaporation means the 
changing of phase from liquid to gas, whereas vaporisation means to break the 
liquid up into small drops and therefore does not entail a change in phase as 
well.  By stressing the “e” in evaporate and in showing the correlation in similar 
words like exit, the students grasp this relationship. 
 
No matter how studiously one tries to explain terminology, one still finds that 
there are times when one assumes falsely that the students understand 
everyday terms.  This is when it becomes so important to maintain an open and 
democratic atmosphere in the classroom : students must feel free at all times to 
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ask for the explanation of any term/word used.  Students must never be made 
to feel that they have asked a stupid question.  By maintaining a positive 
attitude in class, the lecturer can encourage better communication and 
understanding. 
 
Upon reflection of teaching styles, the educator drew the conclusion that 
students needed help to change from being rote learners to learning with 
understanding.  As mentioned in Chapter 3, a seminar on helping students to be 
more effective learners presented by Ann Austin, proved to be revealing and 
inspiring. 
 
During this seminar lecturers were advised to: encourage motivation, activate 
prior knowledge, encourage encoding, encourage active mindful involvement 
and encourage metacognition and self-regulation.  All these aspects have been 
discussed in Chapter 2.  (A copy of the pamphlet handed out during the seminar 
is attached in Appendix 3.)  Austin suggested that lecturers use the prompt: “A 
good student will …” to point out to students how to go about improving their 
academic skills. 
 
As a result of the advice obtained during the seminar, the educator strove to 
change her teaching methods and instead of just lecturing a topic, students 
would be shown how to compare aspects, to look for similarities and 
differences.  To illustrate the point the topic of BONDING in Chemistry will be 
used as an example: 
 
Where previously each type of chemical bonding was dealt with separately and 
in detail, the educator then constructed a table (Table 4.4) that was given to the 
students which allowed them to compare the different types of bonding before 
going into detail for each type of bonding.  This is in accordance with Potts’ list 
to promote critical thinking (cited in Nelson, 2004, pp. 408 – 409).  This table 
also helped those students whose learning style required them to first form an 
overall picture.  The students were thus taught how to learn, as recommended 
by Clark & Starr (1991, p. 31). 
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Table 4.4 Chemical Bonding 
BOND MODELS COVALENT IONIC METALLIC 
DATIVE 
COVALENT 
Building blocks atoms atoms atoms molecules 
METHOD 
(Requirements) 
 
 
 
 
 
 
 
E. N. range 
valence e- 
overlap 
↓ 
sharing of e- 
Ý   Þ 
polar or nonpolar 
 
equal = nonpolar 
E.N.  0 - 0,5 
 
unequal = polar 
E.N.  0,5 < 1,7 
low ionisation 
energy + high e- 
affinity 
↓ 
transfer of e- 
↓ 
form ions 
⊕  and  − 
 
E. N. > 1,7 
low ionisation 
energy  + empty 
valence orbitals 
↓ 
kernels 
+  valence e- 
↓ 
delocalised e- 
shared by all 
very polar bond 
+ lone pair of e- 
 
shared e- pair is 
only from one 
atom 
↓ 
form ions 
⊕  and  − 
STRUCTURE 
AFTER 
BONDING 
molecules 
Ý     Þ 
polar    nonpolar 
 
held together by 
Intermolecular 
Forces of 
Attraction 
Coulomb Forces 
↓ 
rigid 
ionic crystal 
lattice 
dense packing of 
kernels 
↓ 
malleable 
metallic crystal 
lattice 
Coulomb Forces 
 
R  ⇄  P 
i.e. reversible 
reaction 
Examples 
nonpolar 
=  H2 , CO2 , CH4 
 
polar 
=  HCl  ,  H2O 
Na+Cl –   , 
 
Mg+ 2 O – 2 
Na   ,  Cu  , 
  Pb  ,  Hg 
 
Brass (alloy) 
hydrochloric acid 
=  HCl(aq) 
 
ammonia soln. =   
NH4OH(aq) 
 
4.5.7 Measuring Outcomes of Implementation 
The success of the action plan was measured by using feedback from the 
students.  Liasing with the language lecturers, meant that the student feedback 
in their journal writing could be monitored.  The journal entries of the students 
are given verbatim in italics and briefly discussed. 
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4.5.5.1 Journal Extracts 
Pre-Tech Journal Extract No 1: 
"During my first day at the laboratory we were told about the laboratory rules, 
like wearing protective clothing. 
In this day we have done one experiment.  The aim of the experiment was the 
investigation of the thermal decomposition of hydrated salts.  This was very 
interesting.  All that needed heating, but you have to weigh different masses 
and to saw blue salt changes to white after heating and when add water turns 
blue again." 
Discussion: 
The above extract illustrates how the students realised the importance of 
following strict rules in the laboratory as the applied science approach of 
Evertson and Emmer (cited in Ornstein & Lasley, 2000, p. 354 – 355) requires.  
The students did not object to the discipline as they realised that the rules were 
specifically for their protection.  The extract also illustrates that the teaching 
approach of explaining the concepts by means of clear language as advocated 
by Potgieter (1996, pp. 12, 15), was successful because the student knew that 
“thermal decomposition” meant “needed heating”. 
 
Pre-Tech Journal Extract No 2: 
"In chemistry I learn how to balance chemical equations.  At high school they 
have made all these things so complicated.  I found it interesting when our 
chemistry lecture show us the way to solve the problem.  Onether thing that 
interest me was during the practical period.  At high school didn't do the 
practicals.  We use to see practicals demonstrated at school T.V." 
Discussion: 
This comment showed that students had very little practical experience and that 
they were not taught to look at the overall picture, nor was the golden thread of 
knowledge pointed out to them, i.e., how all knowledge and experiences are 
linked and how what is learned in one section of the work is used to solve 
problems in other sections.  The students had to be taught how to learn, as 
recommended by Freiburg & Driscoll (2000, p. 199).  The fact that students 
have to be taught how to learn is again illustrated in the following extract: 
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Pre-Tech Journal Extract No 3: 
"Chemistry is my major subject for the course I intend to do next year.  I like 
Chemistry a lot but to be honest it has not been the most easy subject.  Today 
we talked about the chapter on chemical bonding.  Its a very straight forward 
chapter.  I think another thing which makes it very easy to understand is the 
way that our Chemistry lecturer put it.  You know, our lecturer has a way with 
words, explanations, infact everything about her is just perfect.  Most of the 
times her lectures starts after lunch and those lectures period are not the most 
lively times that we student feel.  But our lecturer has tactics and techniques 
that she use.  Sometimes she allows us to stand up and skip when feeling 
tired." 
Discussion: 
From the journals, the lecturers of the ADP department realised that it was 
essential that the timetable be scheduled in such a way that each subject is 
spread out through the days of the week so that the problem of having a certain 
subject always presented at the same time of the day was prevented. 
As articulated in their extracts, all kinds of techniques were used to keep them 
awake and interested at the end of what they had perceived as a long and tiring 
day.  This illustrates Ornstein & Lasley’s (2000, p. 63) statement that we should 
“get all fired up with enthusiasm” and appreciate and accept the students on 
their terms. 
 
Pre-Tech Journal Extract No 4: 
"I enjoy chemistry a lot especially when coming to practicals which we did 
today.  We did a prac. of redox reactions.  I still needed to know how to balance 
the reactions but she did it once more in class and I understand this time.  I 
hope I won't let the teacher pass on a section again without understanding, 
luckily I managed in this section to get hold of the information again. 
You asked me to tell you what I got for the test which made me to sleep at 2:00 
am.  It was a chem. test and I got a mark of 70 %." 
 
 88
Pre-Tech Journal Extract No 5: 
"Today in chemistry we did redox reactions in practicals and in the classroom.  
They were a little bit difficult for us because we dont have a good basic ground 
of chemistry.  In our schools we didnt have labs for practicals and the chemistry 
teachers were few and some were old enough to retire.  Luckily we have a 
lecture who understand our problems.  Today I learned how to balance 
chemical equation something I thought I will never know.  I have no comments 
for chemistry because its best subject I like." 
Discussion: 
The previous two extracts again point out the need to understand the problems 
that students experience and the need for the teacher to be approachable so 
that they can feel free to ask for help with certain sections of work.  It also 
shows how the students’ confidence had increased and how this has resulted in 
a good pass mark in the test.  Overall the creation of a positive classroom 
environment, as advocated by Clark & Starr (1991, pp. 38 – 39) in Chapter 2, 
appears to have been successful and borne fruit. 
 
Pre-Tech Journal Extract No 6: 
"I really became very much relaxed when doing practicals of chemistry.  This 
develops more interest for me in the subject and the practicality of it. 
Working in the laboratory makes me feel very much positive.  The equipments 
and apparatus that used in the laboratory are very sophisticated. 
Most of these apparatus are too much fragile and can easily broken, if someone 
mishandle them.  Regulations of the laboratory are strict, therefore everybody 
have to follow them, as they are. 
Doing experiments in groups, makes me understand the topic and the challege 
of the practicals that is the main reason, why I prefer practicals in the 
laboratory.” 
Discussion: 
From the above extract it is obvious that the students enjoyed the ”hands on” 
experience (Evertson and Emmer cited in Ornstein & Lasley, 2000, p. 354 – 
355).  The fact that they worked in groups of two (or more) made them feel less 
vulnerable and helped the students to mingle and to get to know each other 
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better (Carl Rogers in Entwistle, 1987, pp. 24 – 25 and Kember et al., 1996, p. 
218).  Getting to know each other better improves communication between 
themselves and the lecturer and also helps them to study in groups.  This co-
operation and interaction should also help them to build up their self-confidence 
and intrinsic motivation, because they are now intellectually stimulated and are 
doing something that they like (Fisher citing Stevenson, 2003, p. 7). 
 
In coordination with the Technical English lecturer, four specific questions were 
given to the students to answer.  In view of the fact that the journals were 
allocated diligence marks in the Technical English course, a high rate of 
response was obtained, in total, 94 entries.  Since the students could write to a 
person detached from the subject of Chemistry, their answers were more 
forthcoming.  Again, to maintain strict anonymity, photocopies of their journal 
entries were supplied to the Chemistry department, with no names or student 
numbers.  These pieces of information are labelled in the data as “Four Journal 
Questions”. 
 
The questions were: 
1. How does the teaching method in Chemistry differ from school? 
2. Why do you enjoy the Chemistry practicals? 
3. How do you learn Chemistry? 
4. What type of problems do you have when trying to explain yourself in 
Chemistry? 
 
The students were requested to answer one question per day.  The questions 
were open questions and the desire was to get unprompted answers with a lot 
of detail.  The first question, aimed to determine what the students perceived as 
the difference between school and Technikon, as well as whether there were 
specific problems that needed to be remedied.  In addition, an attempt was 
made to determine whether the students were comfortable with the Chemistry 
teaching approach and teaching methods. 
 
The second question, was based on the assumption that the students all liked 
the practicals because that was the conclusion reached from the previous 
journal extracts.  The question aimed to find out specifically why they liked the 
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practicals: was it because they learned better through direct learning and not 
just vicarious learning?  Was it because they had more confidence with a 
“hands on” approach and not just theory?  Were there perhaps other factors to 
be considered? 
 
The third question, aimed to determine how the students learned.  Were they 
aware of their learning styles?  Was the assumption that they are initially mostly 
surface learners correct?  Was there an indication that they were becoming 
deep learners? 
 
The fourth question, aimed to find out what their problems were so that teaching 
methods could be adjusted to help them.  It was assumed that a problem was 
that they were ESL students and therefore struggled to understand and express 
themselves.  From the journal extracts the students also indicated that they did 
not have a good grounding and that their schools lacked science facilities.  
However, to be sure of the exact problems, their feedback was required. 
 
The feedback from these “Four Journal Questions” was required to answer 
Critical Question 1 : which are suitable teaching methods that could be used to 
improve the success of Chemistry students on the access programme at the PE 
Technikon? 
4.5.5.2 Four Journal Questions 
For clarity, their numbered responses were selected and grouped under each 
question.  Each question is stated in bold and their verbatim responses are in 
italics.  A short discussion of each selected extract then follows. 
 
Question 1 How does the teaching method in Chemistry differ from that 
of school? 
1. Day 16 
Teaching method in chemistry here at Technikon is – different from teaching 
method when I was at school.  At school they teach not in advance and no 
further studying.  At Technikon they are lecturing in advance – and prefer 
further studying.  At school we were – writing the notes of the teacher but here 
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at Technikon you do your own notes.  At school you have to read the text book 
that is need at school but at Technikon you have to read the recommended 
book and other books that you find its possible for you to understand that 
information you have to learn. 
Discussion: 
The student experienced a different teaching approach and realised that he had 
to accept responsibility for his learning (Hewson, 1996, p. 138).  The fact that he 
realised that he had to find other sources on his own to be able to understand, 
indicates that the student has moved into a deep approach (Entwistle, 1987, p. 
101). 
 
10. Day 16 
The pace here is much slower than it was in my school.  The teacher was very 
fast with the syllabus and he was a good physics and chemistry teacher but he 
was not very good at explaining.  Here Mrs. Nagel explains very well and she 
has makes up examples and rhymes that makes it very fun and understanble to 
study chemistry.  Also the pracs that we do makes easier to learn it because it 
gives one a visual aspect of chemistry.  Also here chemistry is taught more 
practically than theoretically that it was done at school. 
Discussion: 
This student has a visual learning style and the practical aspect of the course 
complements his learning.  This proves Entwistle & Nisbet’s (1972, pp. 151 – 
152) suggestion that teaching styles should be adapted to achieve optimum 
learning.  The extract also points out that the teacher must strive to make the 
learning enjoyable.  When students experience caring and feel good about 
themselves, they perform better (Ornstein & Lasley, 2000, p. 63). 
 
34. Day 16 
Here we are not spoonfed, we’re given a chance to think, able to compare 
things.  We are being exposed in a Chemistry World is an interesting manner;  
at school it was one of the boring subjects. 
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Discussion: 
This extract illustrates that the student has now been exposed to reflection in 
order to encourage critical thinking.  It suggests the instillation of intrinsic 
motivation (Ramsden and Kember, cited in Fourie, 2003, p. 123). 
 
45. Day 16 
Lastly, the lecture is using many ways of explanation something like over-
projector machine, chokbord but at school my teacher used chock only. 
Discussion: 
The student was exposed to different methods of explanation, proving that a 
variety in the presentation of material is necessary, as Entwistle & Nisbet (1972, 
p. 151) recommend. 
 
Question 2. Why do you enjoy the chemistry practicals? 
36. Day 17 
I enjoy it because I like working with chemicals and mix them to form other 
things, or know the nature of things around us.  Also, at school there were times 
that we had to understand an exp. from the book not from the laboratory and its 
also fun working in the lab if your’e careful and listen very well that you don’t 
mess things up. 
Discussion: 
This student realised that the practicals were not just “fun” and took 
responsibility for having to be careful and follow instructions (Hewson, 1996, p. 
138).  It also shows some reflection in realising that chemistry is “around us”. 
 
93. Day 17 
Students enjoy anything that takes them out of the classroom.  Seriously now, I 
think that I enjoy practicals because they make me understand chemistry better.  
When one is actually doing things is better than just listening in class.  Also 
when doing pracs we usually work in groups and I enjoy working with others, it 
makes learning much more fun and exiting.  Not forgetting the white coats, I 
enjoy them, they make me feel so mature and professional. 
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Discussion: 
This student displays a healthy sense of humour that can be very infectious and 
that is an immense asset in being positive.  With such a positive attitude the 
battle is halfway won.  The student also expressed the viewpoint of most 
students, they like wearing the “lab coat”, it makes them feel professional.  This 
is typical of what Sternberg (cited in Ornstein & Lasley, 2000, p. 22) advises; 
prepare the students for their future, i.e. for real life. 
 
60. Day 17 
I don’t know wether Im enjoying them or not, though I’m trying to.  You see the 
thing is Im not used doing lab work, because the school in which I did matric in 
there were no labs.  The thing is I don’t know wether I’m not concentrating or 
what.  Because I do listen when the lecturer tells us what to do.  But when it 
comes to applying practing what we’ve been told.  It seems as if there were 
things I did’nt listen to.  And most of the time I dont ask for some help because I 
think that will be like I don’t pay attention when the lecturer is talking or telling us 
what to do.  Which means when that happens I live out the prac without fully 
understanding what was going on. 
Discussion: 
This student placed herself/himself at a great disadvantage by not admitting at 
the time that s/he was experiencing a problem.  Unfortunately it means that the 
programme is not infallible and it is not always possible to reach all the students 
all the time. 
 
Question 3. How do you learn chemistry? 
47. Day 18 
I learn chemistry in many ways here than before.  I Firstly attend my classes so 
that I can get a topic and subtopic of the chapter.  Secondly I took that chapter 
and study if in my room and if I’m not surtifly I go to the library to get more 
books which are looking with the topic that I need, maybe those book will 
explain better than my book and I draw same question. 
Lastly I also use previes Test question paper or exam to test my mind / how I 
understand in that chapter. 
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Discussion: 
It was pleasing to note how many students seemed to follow this regime.  It is 
how they were advised to study.  It also shows that the students often use a 
strategic/achieving approach to learning as described by Ference Marton (cited 
in Entwistle, 1987, p. 60). 
 
57. Day 18 
The thing is as the lecturer is lecturing I try to listen and write down important 
points.  So as I’ve already said that I sometimes miss out some things.  So to 
catch up I decide that when I get home I will go through my notes.  But 
sometimes I will be having a lot of homeworks, which means I wont do as I’ve 
planned.  Maybe for three or two days in a week the same thing happens.  Then 
which means I have to go through what I’ve missed out during the week through 
the week end.  This does’nt only happen in Chemistry. But atleast I’m lucky 
enough to be abel to understand things much better when I’ve worked through 
them on my own, And when I have enough time which means during the week 
end. 
Discussion: 
This extract illustrates how students may have the best intentions but due to 
workload cannot always successfully execute their plans.  It illustrates how the 
teacher should allow enough time, as recommended by Clark & Starr (1991, p. 
26). 
 
Question 4. What type of problems do you have when trying to explain 
yourself in chemistry? 
7. Day 19 
I don’t think I really have much problem with that now.  I must confess that I 
used to find it difficult to explain and that was because I used to recite what I 
read and not try and understand it.  Now I find that its easy to explain myself 
because when I learn, I make sure that I understand by comparing what I am 
learning to other fact I already know and so in that way I find it easy to 
understand. 
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Discussion: 
It was gratifying to see that the student has changed from using a surface 
approach as a rote learner to using a deep approach, learning with 
understanding as recommended by Fourie (2003, p. 123). 
 
12. Day 19 
I sometimes just don’t get the question.  I just don’t understand what it asks, so I 
get stuck in answering it well.  I’m not good in explaining things even if I know.  
So I just write a Brief explanation and sometimes you find that there is a lot of 
marks and your explanation does not give that mark. 
Discussion: 
This extract illustrates that this student does not really know the work, as 
contended by Clark & Starr (1991, p. 34). 
 
22. Day 19 
I can say that the first thing is the language, sometimes I know the answer but I 
dont know how to put it in English.  Sometimes I battle with myself that is was 
I’m thinking correct or what and after that somebody answer and what I was 
thing was correct. 
Discussion: 
This extract confirms the assumption that language and communication is a 
problem and proves Inglis’ (1993, p. 131) point of view.  It seems though, that 
the student is also lacking in confidence. 
 
These extracts motivated the educator to try and be more approachable to the 
students and to try and create a more positive learning environment.  The 
educator also concentrated on teaching the students how to learn, as 
recommended by the literature (Clark & Starr, 1991, p. 31).  Therefore, to see if 
the new approach was successful, an evaluation of the Pre-Technician 
Chemistry examination results of the last five years that the course was offered, 
was undertaken. 
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4.5.5.3 Pre-Technician Chemistry Examination Results 
The Chemistry examination results of the last five years (from the first semester 
1998 till the end of 2002) of the Pre-Technician course were studied to 
determine what the overall success rate was.  The way the PE Technikon 
reports the pass rate is as follows:   
 
enrolled students of Number
100   passed students of Number ×  = % Overall Success 
 
These examination results were used to try and answer the Main Research 
Question : does a particular teaching approach impact on the success rate of 
the Chemistry students on the access programme at the PE Technikon? 
 
Table 4.5 Pre-Tech Chemistry Examination Results. 
  
Researcher’s 
Overall 
Success 
Rate 
 
% 
 
PE Technikon 
Overall 
Success 
 
% 
1st Sem 1998  47.92 
2nd Sem 1998  48.39 
1st Sem 1999  68.89 
2nd Sem 1999  48.48 
1st Sem 2000 61.2 39.06 
2nd Sem 2000 62.5 60 
1st Sem 2001 61.8 54.55 
2nd Sem 2001 69.2 72 
1st Sem 2002 63.0 60.53 
2nd Sem 2002  50 
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Discussion: 
There was a difference in the researcher’s results from 1st Semester 2000 
onwards compared to those of the institution.  The researcher’s results are in 
the first column of Table 4.5 and those of the PET in the second column.  The 
difference was possibly due to the fact that the PET counted as the enrolment 
figure all the initial students, even those who did not attend the classes because 
they could not pay, those who initially enrolled for the wrong classes and those 
who eventually cancelled.  The research group’s figures are based on those 
students who were actually present from the time the first tests were written, 
when their results had to be reported on the system.  In the 1st Semester 2000, 
a franchise Pre-Tech course was run at a different institution with a different 
Chemistry lecturer and the PET compiled all the results into one figure.  For the 
research group’s result only relevant student numbers were used. 
 
The research group’s results can be illustrated as follows: 
 
Table 4.6 Research Group’s Overall Succes Rate % 
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From the graph it can be seen that the success rate varies from about 50 to 
70%.  The PET would prefer the pass rate to be consistently more than 70%.  
Unfortunately, this was not achieved every semester.  Although the course was 
not as successful as hoped for, several students were prepared for and 
accepted into the formal courses. 
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4.5.8 Reflecting on Outcomes of Implementation 
At the end of 2002 the ADP was informed by the PET that the Chemistry-option 
Pre-Technician course would fall away and be replaced by a new year-long 
course.  The ADP would no longer exist as a department, but each lecturer 
would fall under the specific department of his/her field of teaching.  The 
researcher was therefore transferred to the Chemistry department in the Faculty 
of Applied Science.  Since this was the end of the road for the Pre-Technician 
course, it was a fitting time to reflect on past mistakes and successes.  The 
ADP staff took the opportunity to discuss what they thought to have been the 
strong points.  It was concluded these were having a holistic team approach 
and small classes which ensured that educators could get to know the students 
well and create an empathic learning environment.  The weakest spot of the 
course was identified as the hectic pace; a semester was not long enough to 
prepare the students adequately for the formal courses. 
4.5 CYCLE 2 
4.5.1 Background of the Science Foundation Certificate 
In January 2003 the Science Foundation Certificate (SFC) was implemented at 
the PE Technikon.  This programme replaced the Pre-Technician Course and 
was offered full-time for a year.  The SFC consists of a total of 120 credits at 
NQF level 5 (RSA, DoE, 2002).  The fundamental subjects have a total of 40 
credits and the core subjects have a total of 80 credits.  The fundamental 
subjects are: Academic Literacy (Science) - 20 credits; Computer Skills - 10 
credits; and Numeracy - 10 credits.  The core subjects are: Mathematics - 20 
credits; Physics - 30 credits; and Chemistry - 30 credits. 
 
The core credits contain 30 credits which may be transferred to a mainstream 
undergraduate qualification as follows:  Mathematics (10 credits); Physics (10 
credits); Chemistry (10 credits).  These credits would be equivalent to a first 
level semester offering in the above subjects (RSA. Committee of Technikon 
Principals, 20 September 2002). 
 
The Pre-Technician course was offered at the Main Campus of the PE 
Technikon, but the new SFC is offered at the Algoa Campus of the PE 
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Technikon.  The practicals for Chemistry and Physics are conducted at the Main 
Campus due to inadequate laboratory facilities at the Algoa Campus.  For this 
reason the Chemistry and Physics staff have to commute between the two 
campuses.  The students have to report at Main Campus only one day per 
week because both their Physics and Chemistry practicals sessions are 
scheduled for the same day. 
 
The entrance criteria for the students remain the same as it was for the Pre-
Technician course.  There are still two class groups per year, known as P1 and 
P2 respectively.  The number of students per group has increased to 
approximately 30.  The Chemistry teacher (the researcher) and the Academic 
Literacy (English) lecturer are the same people who taught on the Pre-
Technician course.  The biographical details determined from the questionnaire 
used for data collection later on will establish the SFC students’ composition 
with respect to age and mother tongue.  No Indian or White students have as 
yet enrolled for the SFC.  The SFC does has a new Chemistry curriculum. 
4.5.2 Problems Perceived in Science Foundation Certificate 
The problems perceived in the SFC are very similar to those of the Pre-
Technician course mentioned earlier in the chapter.  The students are still 
under-prepared, are mostly ESL speakers who consequently also struggle to 
develop concepts, to explain their answers and to communicate verbally and in 
writing. They are also not able to form an overall view of their Chemistry course 
or their SFC, being inherently surface learners.  They experience difficulty with 
analysis, synthesis and evaluation.  Problem-solving skills are also lacking, 
along with subject knowledge and skills.  There is also a difference between the 
cultural backgrounds of teacher and students, as well as a large age gap, but 
these aspects do not form part of this study.  Cooperative learning is a skill that 
the students also have to acquire to be able to cope with future pressures of 
large amounts of work.  Students also have to be made to realise the need for 
continuous self-development. 
4.5.3 Reflecting on Problems and Designing of Solution/Action Plan 
Since the students in this cycle are similar to the Pre-Technician students of 
cycle 1, the problems are still perceived as being communication and method of 
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learning.  In view of the fact that the SFC has a new curriculum, the course 
notes were redesigned and rewritten.  From the experience gained in the Pre-
Technician course and insight gained from the action research of the first cycle, 
the same style of teaching the students how to learn and explaining terms and 
concepts in simple clear language was adopted.  Focus was also placed on 
building up their knowledge base using the constructivist approach as 
discussed in Chapter 2.  The starting point was simple terms and then moving 
on to more complicated work.  For example, in the Atomic Theory, the work was 
dealt with as it was supposed to have been done in Grade 12/matric at school, 
on Higher grade.  The group then advanced to the Atomic Theory Module for 
which (if they pass SFC) the students would obtain credit in their formal first 
year Analytical Chemistry course.  The work dealt with first was based on the 
course notes mentioned above but the Atomic Theory Module notes were 
written by Chemistry lecturers in the formal courses.  The students had to pay 
for each set of notes.  Initially the first two sets of notes were handed out, 
namely the practical book and the notes on the mole concept.  The students 
were trusted to pay before the next set of notes had to be handed out.  The 
students also had to buy their own laboratory coats and safety glasses. 
4.5.4 Implementation of Action Plan 
As stated, the course started in the beginning of 2003.  The pace began slowly 
but thoroughly to ensure mastery learning, as advised by Entwistle (1987, p. 
82).  The idea was to give SFC students a good grounding and build up 
confidence.  Therefore, the students were not rushed into writing a theory test 
so that their marks could be entered on the system, as was normally done in the 
Pre-Technician course.  The first assessment was a practical test which was 
assessed formatively.  For example, an individual student would be called up to 
set up a Bunsen burner and safely ignite it within a specified time frame.  If the 
students were not successful the first time, their mistakes would be pointed out 
to them and then at the next practical session they would get one more 
opportunity to be evaluated.  This was very time consuming but ensured that 
each student realised the value of safety procedures and what the safety 
procedures were.  The ice was also broken and a first test result was entered. 
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It was deemed important to know how the SFC students were experiencing the 
teaching and whether they actually gained from the approaches employed.  In 
addition, it was necessary to determine whether there were unanticipated 
problems that had to be remedied.  There were no departmental meetings 
anymore (the ADP no longer existed) so it was not always so easy to determine 
from other lecturers which students had problems.  The English lecturer and the 
researcher continued to work closely together, partly because of proximity and 
also because of past fruitful cooperation. 
4.5.5 Measuring Outcomes of Implementation 
With the new course, the students now had access to computers and therefore 
e-mailed their journal entries to the English lecturer.  It should be mentioned 
that one of the objectives of the SFC was to strengthen inter-disciplinary links.  
It was therefore easier for the English lecturer to forward these e-mails to the 
researcher than to provide her with photocopies.  These entries were used to 
determine possible problem areas. 
4.5.5.1 Journal Extracts 
The aim of the question that was asked was to find out how they coped with the 
course.  Selected verbatim (in italics) extracts of three different students are 
listed, followed by a brief discussion.  The anonymity of the students is 
maintained. 
 
I am not satisfied with my results, because I know I can do much better. I am 
glad I pass all my subjects, but I have more potential. I know what is expected 
of me and that is to work harder. Time is not on your side so we must make the 
best of what we have. 
 
I have done well but not to all subjects and it is because of laziness. I don’t want 
to blame anyone. I did manage my time quite well and I’m relived with my marks 
on my Mathematics (88%,77%,85%), Chemistry(62%,74%) and Computer  
literacy (61%) .In Physics I got (74%,52%) I can say I did well, actually I was not 
fulfilled with the marks and I can say that too in Academic Literacy.I’ve promised 
my self one thing to co-operate with the other students when these something 
that I don’t know. 
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 Firstly, I just to thank you for giving me this opportunity. I never got my results 
at home, I just go them from my progress report here at school. I was not 
surprise yet because they are true although I did not do well in some subjects. 
According to my Computer results I did not believe it for the fact that this is my 
first year on Computer classes. I told my self that this semester should be mine 
together with my books so that I can improve. 
Discussion: 
These three extracts show how the students enjoyed and appreciated the 
journal writing.  The extracts all show that the students had hoped for better 
results and were determined to improve.  They are starting to accept the 
responsibility required from young adults.  No other problems were identified 
from these journal entries. 
4.5.5.2 Journal Questions 
Because the journals give wonderful feedback, it was decided to employ them 
more directly and to ask one-on-one questions.  These questions were used to 
try and answer Critical Question 1 : which are suitable teaching methods that 
could be used to improve the success of Chemistry students on the access 
programme at the PE Technikon? 
 
In 2003 the SFC students were asked to answer the following questions, as 
indicated in the columns.  As mentioned before, the starting point was school 
HG level before doing a tertiary module with them and it was deemed 
necessary to get feedback on what they thought of this approach.  It was also 
important to know if they actually did study and whether they heeded the study 
tips given. 
 
Their selected verbatim answers are listed (maintaining their anonymity) and 
followed by a brief discussion.  The first column reflects the reference number 
allocated by the researcher to each response. 
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Table 4.7 P2 Journals  Collected on Friday 25-07-2003 
# 
Do you find it useful to go 
over this work again?  Do 
you find it irritating, or a 
waste of time? 
Did you 
revise 
Chemistry 
last night? 
How were you advised 
by EN to study for 
Chemistry? 
1 I find it useful cause it will 
help us know the work that 
we did last semester very 
well. 
No Told us to go over it 
everyday; do our 
homework and practice 
a lot. Also not be surface 
learners but deep 
learners. 
3 Yes, it is helping me 
tremendously because now I 
have a second chance to 
improve my marks and 
understanding. 
I went 
through the 
theory we 
did 
yesterday in 
class 
By going through work 
done in class that same 
after noon. To try and 
answer any questions I 
might have to 
understand better. 
7 Yes,(I think the revision is 
helping me) 
Yes, I did 
some of the 
work, in 
front of the 
book 
To go over you work that 
you did on that day & 
what you do not 
understand, ask in class.
 
Discussion: 
27 students out of 30 responded = 90% response.  They were quite honest and 
typical of teenage students.  They knew what was expected of them but did not 
always get around to actually doing it. 
 
In 2003 the SFC students were asked to indicate what their learning 
preferences were.  They needed to realise that learning preferences were the 
same across disciplines. 
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Table 4.8 P1 Journals  Collected on Friday 08-08-2003 
# 
Please list your Major and Minor Learning Styles Preferences, 
according to Ms Webb’s notes 
2 
MAJOR: Auditory where I can learn a lot when I listen and really 
concentrate 
MINOR:  Visual and my negligible learning style is group work  
6 
MAJOR: Kinesthetic,  Individual 
MINOR: Visual, Auditory, Tactile, Group 
9 
MAJOR:  Kinesthetic, Group 
MINOR :  Visual and Auditory 
NEGLIGIBLE:  Individual. 
Discussion: 
The students responded well and it was apparent that they had enjoyed the 
exercise.  Most of the students seemed to be visual learners. 
 
The following question was to determine how the students experienced 
mistakes in the Modules.  The purpose was to point out to them that they must 
become critical thinkers and realise that mistakes are human; they must not 
accept everything at face value. 
 
Table 4.9 P1 Journals  Collected on Friday 08-08-2003 
# How do typos affect you ? 
1 
It effects me in a big way, because if the lecturer wasn’t there to 
explain it I wouldn’t understand what is said 
3 
It can mislead one and cause confusion. Although it means we have 
to be alert when reading the notes, the only thing is, sometimes we 
accept notes as is because we expect that whoever compiled it is 
right 
8 
It does affect me but not that much because some of the typo do not 
make sense at all so I can be able to see the and notice the mistake 
9 
I tend to be sure that its write since I see it I don’t consider that it 
could be wrong.  I take the wrong data causing me to fail. 
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Discussion: 
The students obviously did not like the typing mistakes.  Some could cope and 
some not.  This showed that they did not yet have enough confidence to be able 
to realise that written notes could be faulty.  Some would use the “typos” as an 
excuse for failing, i.e. they did not want to accept responsibility for their own 
learning (Hewson, 1996, p. 138). 
 
In 2004 each of the SFC students in the two groups were asked to write an 
essay. Of the 51 students in the class, 31 students responded (i.e. 61%).  It was 
a given that the subject Physical Science was taken at High School, but they 
were asked specifically to limit themselves to the Chemistry component when 
they wrote their journal entries.  They were asked to make a comparison 
between school and Technikon with respect to Chemistry in which they 
discussed the following: 
• Teaching approach 
• Working in groups 
• Laboratory experience 
• Homework / workload 
• Language 
 
Their selected answers are in italics and are listed and briefly discussed. 
 
6. When I compare high school & tertiary in chemistry.  I found that, here in 
tertiary, I learn the best.  I realized that I know most of the things that I didn’t 
known when I was in high school, it is better as compare from high school.  I 
thought I would find chemistry as a difficult subject when I’m in tertiary because 
there are lecturers here not teachers, those will spend too much of time making 
sure that you really understand but only to find that in tertiary it is better that the 
one that I did in high school. 
 
Working in groups I think is the easiest way of learning and understanding I also 
prefer it because when you work in groups you gain more information form 
others.  They can tell you the easiest way of studying I mean you can find more 
skills when working in groups than individual. 
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When it comes to a homework I think it is the way of testing ourselves how 
much do we know.  But there is no difference from tertiary & school because 
even in high school we also had homework to test ourselves that we were 
listening in class.  But there is lots of work in tertiary than at school. 
 
I didn’t know that I can work by myself at laboratory.  In high school we used to 
work as a group a laboratory so we didn’t learn too much so now I’m getting a 
chance to do things by myself which is good because I gain more and I can also 
learn form my mistakes  
Discussion: 
This student was surprised at the fact that the lecturers at the Technikon 
actually cared about their students.  She obviously also enjoyed the “hands-on” 
experience in the laboratory. 
 
18. 1. Approach 
You had a very good approach, that also made me feel so welcomed in the 
class.  In other words you have introduced yourself in such a way to show that 
you are really in the class to help. 
2. Working in groups. 
Working in groups is very important, since I was very shy, but now I have a 
stronge sense of responsibility and I can be able to do assignments and 
projects with my fellow students and maintain my interpersonal relations. 
3. Laboratory experience. 
It is a very good job though I did not expect such things.  I thought it’s very 
difficult. Since then I have seen that nothing is difficult  it’s just need to listen 
and follow the instructions. 
4. HomeWork 
I like the way you give homeworks, because we discuss them in the class.  The 
way we do our work load remind me about the punishments at high school.  
Because while discussing homeworks in the class you make sure that everyone 
must answer a question, in doing these, you make me study very hard to be 
able to answer the questions in the class. 
5. Language. 
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It is fine, because you also understands that not all of us in the class are english 
first language.  I think you must not change the way you are. 
Discussion: 
This student highlights how very important it is for a teacher to properly 
introduce herself and to welcome the students.  One does these things so 
automatically, that one forgets how important they actually are to new students 
who are feeling very vulnerable.  She also pointed out the interesting point that 
she did not want to be caught not knowing her work, so that motivated her to 
study on a regular basis. 
 
21. High school Chemistry was about passing the subject, but this year I’ve 
learnt a new thing that is not about passing but knowing for future purposes.  
The group thing isn’t my scene, I prefer working alone because in a group there 
are lot of issues to deal with. 
 
Going to the Lab. Is my favourate, I really enjoy every minute and I wish it 
wasn’t for a day per week, maybe three times a week.  The workload is fine for 
the moment but it shouldn’t be a problem cause you have to be a hardworker if 
you want to make it in this course.  I don’t have a problem with the language 
cause everybody must be able to communicate in the same language.  
Technikon chem. is like a challenge, I love every second. 
Discussion: 
This student grasped what the researcher was trying to teach the students, that 
they were being prepared for the future.  Unfortunately this student did not 
seem to like group work, although she cooperated well with her classmates. 
4.5.5.3 Interviews 
Since this study falls in the qualitative field, triangulation was used to get more 
than one perspective of the same event.  Therefore, an interview was 
conducted to get in-depth answers from an SFC student about her experiences 
of the programme and in particular about the Chemistry practical project.  As 
mentioned in Chapter 3, because of inexperience, the same student was 
interviewed twice.  The complete transcript is provided in Appendix 2. 
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Discussion: 
Key: E = The researcher asking the questions. 
  D = The second interviewer, assisting the researcher. 
  T = The student’s responses. 
 
E: Regarding the Chemistry Project, did you enjoy it? 
T: In a way. 
E  Why is that? 
T: Because my yield wasn’t 100%, but 86%. 
E: But that is a good yield! 
T: OK, then I think I enjoyed it. 
 
What was interesting was the fact that the student had such a low self-esteem 
and only perceived the project as enjoyable when she was assured that she 
had actually obtained a good yield.  This proves again how essential it is to give 
praise and encouragement. 
 
E: Did you learn anything in this project that will affect your attitude towards 
Chemistry? 
T: Yes, I learnt that in Chemistry you have to be very accurate when 
calculating and whatever you do, you must remember the safety 
precautions. 
 
T: Like the significant figures, you have to be very accurate with that and 
what else? I think that’s all. 
 
Regarding her change of attitude and from the questioning in the second 
interview, it seemed that she realised that she had to apply her Mathematical 
knowledge skilfully to be able to succeed in Chemistry. 
 
E: Did you change your style of learning? 
T: Yes, I changed my style of learning in many different ways.  Like I 
focussed mostly on my definitions of things. 
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The student was not very clear in her answer regarding a change in her style of 
learning and this was taken to mean that she had to do more than just rote learn 
definitions. 
 
T: Like when you define something it becomes more easier for you to 
understand it, because each and every thing, lets say a passage, you 
have to understand what it is all about and everything so I think 
definitions explains a lot you know in whatever you reading so I think it 
help me. 
 
From her second interview it became clear that she used definitions to 
understand the concepts. 
 
E: Did you wonder or think about things (of the project) as you were doing 
it? 
T: Yes, because in the process of doing it we had a black residue but it, the 
crystals, turned out to be blue and not black. 
 
Some reflection has been instilled, because she realised she had to be careful 
and think about safety all the time while she worked in the laboratory.  She also 
wondered about the colour changes. 
 
It is also obvious that she was amazed at having to work so meticulously as she 
states that, “you have to make a mess somewhere”.  Does this mean that she 
expected to be a failure or that she was used to complying with low standards? 
 
T: I think the best part was when we did the crystals, I like that part but at 
the end it didn’t turn out that nice, cause I didn’t get a 100% in all that. 
 
From the second interview it appeared that she hoped to achieve a 100% yield 
and was surprised to hear that it was not always feasible. 
 
D: And how successful do you think you are, how do you feel? 
T: Compared to HIGH SCHOOL I am very successful now. 
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After the second interview it became clear that the student regarded herself as 
far more successful than she had been at school.  She appeared to be very 
confident, as she said, “Because I have learnt so much this year, so I think I can 
cope with anything that comes my way now.”  She also appeared to have 
become fascinated by Chemistry. 
4.5.5.4 Questionnaire 
As mentioned in Chapter 3, a structured questionnaire was used in the last term 
of 2004.  The questions were designed to find out whether the class 
composition was more or less the same as those of the Pre-Technician groups; 
what the students’ perceptions were of the new course and to identify problems 
that have to be remedied.  An attempt was also made to find out what their 
attitudes were to the teaching methods used and their approaches to learning.  
In other words a further attempt was made to answer Critical Question 1 : which 
are suitable teaching methods that could be used to improve the success of 
Chemistry students on the access programme at the PE Technikon?  
Furthermore, in order to answer the Critical Question 3, data had to emerge on 
how the students experienced the teaching approach. 
 
The responses to the various questions asked in the questionnaire will appear 
in tabular form, followed by analytical details. 
 
Responses to  QUESTIONNAIRE  2004 
 
20 students in group P1 and 25 students in group P2 were present the day the 
questionnaire was administered making a total of 45 students. 
 
The questionnaire was administered towards the end of the last term so that an 
overall view of the year’s activity could be obtained. 
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Table 4.10 Biographical Details 
English First Language 
7% Q 
1. 
English Second Language 
93%
Average age group 
17 – 19 yrs 60%
 20 – 22 yrs 38%
Q 
2. 
 23 or older 2% 
Attended tertiary courses prior to SFC 
Yes 13%Q 
3. 
 No 87%
Approx years since left school 
0 – 1 yrs 69%
 2 – 3 yrs 15%
Q 
4. 
 ≥ 4 yrs 8% 
Attitude towards Chemistry in beginning of year 
Hated it, but needed it for my future studies 18%
Neutral, but needed it for my future studies 29%
Interested in it as a subject and needed it. 27%
Interested in it as a subject and could see its relevance to my life. 16%
Q 
5. 
Fascinated by the subject 11%
Did attitude towards Chemistry change during year? Yes 78%Q 
6.  No 22%
Discussion: 
The above table proved the assumptions that most of the students were ESL 
speakers (93%) and in their late teens (60%).  Only a very small number (13%) 
of students had enrolled for other classes prior to SFC.  Surprisingly, less than 
half (42%) the students enrolled directly after matric.  This means that the 
teacher must establish prior knowledge before moving on to more advanced 
work, as the students could have forgotten the knowledge from school. 
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The majority (54%) of the students were initially positively inclined towards 
Chemistry; nevertheless many (78%) indicated that they had changed their 
attitude towards the subject.  This indicates that there is a definite attitude 
change towards Chemistry.  This change can be attributed to the new teaching 
approach experienced by the students. 
 
Table 4.11 Comments showing how the Students feel about Chemistry 
Q 7. 
P1-4 
I’m interested in it as a subject and I see its relevance to my life 
13 
P1-11 
It’s a very interesting subject & I like it more than before.  I use to 
hate chemistry, Mrs Nagel makes it easier to understand. 
10 
P1-19 
It has a lot of work so I have to spend much time studying it. 
2 
P2-7 
Chemistry is a great subject; and it is very interesting and it 
makes you alert when reading spray cans, foods etc. 
2 
P2-18 
I got used to it.  The more I was exposed to the subject I got the 
hang of it I go through the subject more often than before. 
7 
P2-20 
Fascinated by it, realized it is not that difficult. 
7 
P2-22 
I feel a little bit confident about it especially after I got a 
distinction for my mole test. 
13 
Discussion: 
A total of 36 students (80%) responded.  The first column shows the reference 
number and verbatim response of the student and the second column shows 
the frequency of concurrence to the response. 
 
The verbatim comments explaining the above response, showed that the 
students are now regarding Chemistry as an important and relevant component 
of their life; they regard it as interesting and that it requires a lot of work.  This 
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points to the statement of Ramsden & Kember (cited in Fourie, 2003, p. 123) 
that when students are interested in a subject it promotes intrinsic motivation.  
As Greene (1993, p. 110) points out, students must see the ultimate relevance 
of material and then, according to Hewson (1996, p. 138), they will accept 
responsibility for their learning.  This ultimate relevance is also possibly 
because their Chemistry has become meaningful to everyday life (i.e. reading 
labels) as advocated by Fisher (2003, p. 215).  The extracts also prove Ornstein 
& Lasley’s (2000, pp. 144 – 145) statement that perceived success (i.e. student 
passing the mole test) would motivate students.  This underlines the 
effectiveness of the teaching approach and teaching methods used by the 
educator. 
 
Table 4.12 How Students feel about their Chemistry Success 
Q 8. 
Satisfied 20% 
Not satisfied, but hopeful of improvement 69% 
Neutral 11% 
Not satisfied and not hopeful of improvement. 0% 
Discussion: 
An interesting trend was that most (89%) of the students felt positive towards 
their chances of success.  At the time that the questionnaire was answered by 
the students, all the students had a class mark (i.e.≥ 40%) that would allow 
them to write the examinations.  They therefore, felt fairly confident. 
 
Table 4.13 Learning for Chemistry 
  Yes No 
Q 9. Did your approach change? 89% 11% 
Q 11. Attitude/feeling influence your learning? 91% 9% 
Discussion: 
The above table indicates that the students’ approach to learning has changed 
greatly (89%) and that for the majority (91%) their attitude has affected their 
learning approach for Chemistry.  From the previous table it was seen that the 
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students felt very positive regarding their chances of success and this obviously 
made them feel more positive towards Chemistry.  This again proves the 
literature that students need to experience a degree of success to feel 
motivated (Ornstein & Lasley, 2000, pp. 144 – 145).  It also shows that the 
educator was successful in choosing effective strategies and using appropriate 
techniques to bring about this change in the students’ attitude towards learning 
Chemistry (Cochran-Smith, 2003b, p. 96). 
 
Table 4.14 Comments showing how Approach to Chemistry changed 
Q 10. 
P1-2 
last year I used to memorize my Question papers but now I read 
it carefully and make sure that I understand. 
15 
P1-11 
Mrs Nagel gave us tips on how to learn Chemistry and it was 
very helpful. 
5 
P1-15 
I don’t only learn to pass my tests or exams but I’m learning for 
future purposes. 
2 
P1-16 
I study with purpose.  I want to make the knowledge mine. 
2 
P2-1 
I actually listened in class for once in my life and found that if 
you listen attentively, you might find it interesting.  Last year my 
teacher was very quiet and I sometimes never understood what 
she was saying.  The lecturer(Nagel) is very upbeat about 
chemistry, you can see she loves it which makes you want to 
love it too. 
8 
P2-3 
I work hard to make sure that I understand every chapter.  I can 
be able to teach and explain to the others. 
8 
P2-4 
I put more hours in studying it and a positive attitude towards it 
helped a lot. 
9 
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P2-7 
When I study for chemistry I studied the equations by heart 
because I didn’t understand it, but now I learnt how to form 
equations, and understood it better actually far better. 
4 
P2-14 
My style of learning changed 
19 
Discussion: 
A total of 42 students (93%) responded.  The first column shows the reference 
number and verbatim response of the student and the second column shows 
the frequency of concurrence to the response. 
 
Extracts to the answers of Question 10 were in a similar vein to those of 
Question 7 and also proved Clark & Starr’s (1991, p. 31) statement that 
students must be taught how to learn.  As Bitzer (cited in Sharwood, 1998, p. 
26) recommended, the students should also change their study habits.  In this 
regard, the educator’s love for the subject could also infect the students with 
enthusiasm, which in turn could increase their intrinsic motivation. 
 
One of the techniques employed by the educator was to stress to the students 
that when they learn the content, they must be able to explain it to someone 
who was not a fellow student.  Should they then be able to make that person 
understand the concepts, they have successfully made the knowledge their 
own.  From the extracts it appears that the students have fruitfully adopted this 
technique. 
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Table 4.15 % Responses of Students to Teaching Style 
Q 12  Teaching style of Chemistry lecturer: / . ☺ 
.1 She made the subject interesting 2 33 64 
.2 She made me enjoy the subject 4 47 49 
.3 Realise that Chemistry is all around us 0 22 76 
.4 Realise the long-term effect of chemicals on our health. 2 16 80 
.5 Realise the links/connections between our subjects. 2 31 67 
.6 Realise the links/connections between our Chem topics 2 27 71 
.7 She was able to explain theoretical Chemical concepts 2 24 73 
.8 Enabled me to write better answers (clear & logical) 2 36 62 
.9 Realise the importance of note taking/record-keeping 0 20 80 
.10 She showed me how to take down good notes 4 38 58 
.11 She made me reflect on matters 7 56 40 
.12 Build confidence to be able to express myself 7 47 47 
.13 She taught me how to criticise 7 22 71 
.14 She made me feel confident in handling the practicals 0 22 78 
.15 She made me feel valued 4 27 69 
.16 She instilled a high standard of ethics 0 27 73 
.17 She practised what she preached  0 0 100 
Discussion: 
Key to the responses: / = Negative 
    . = Neutral 
    ☺ = Positive 
The above table (Questions 12.1 – 12.17) dealt with the teaching style of the 
Chemistry lecturer and the data shows that most students reacted positively.  
Only three students (4%) did not seem to have experienced anything positive.  
The only question (12.11), “made me reflect on matters”, which did not give a 
positive response (40%), could have been because the students did not know 
what was meant by “reflect”. 
 
The educator, therefore, concludes that the students reacted positively to her 
teaching style. 
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Table 4.16 % Responses of Students to Approach to Learning 
Q 12  Approach to learning / . ☺
.18 Realise that I had to attend classes on a regular basis 0 13 87
.19 Realise the value of keeping your notes in order 4 27 69
.20 She made me realise that I had to study on a regular basis 0 11 89
.21 Could pinpoint my problem areas in Chemistry knowledge 9 31 36
.22 Realise how to help myself to study better 7 29 64
.23 Realise the value of old test and exam papers 2 11 87
Discussion: 
Questions 12.18 – 12.23 dealt with the approach to learning.  Again the 
answers were positive, except for one (12.21) “pinpoint my problem areas in 
Chemistry knowledge” which indicated that the educator could not help them to 
see where their problem areas were.  This could point to Clark & Starr’s (1991, 
p. 34) statement that the students do not really have a clear knowledge, that is, 
that their ideas are “fuzzy”.  This also agrees with Ausubel’s (cited in Entwistle, 
1987, p. 39) statement that many students cope with tasks quite well until they 
are forced to think for themselves or display understanding. 
 
These extracts do point out that the students were aware of what was required 
to be effective learners.  
 
Table 4.17 % Responses to Classroom Atmosphere 
Q 12  Social environment created at the Technikon / . ☺ 
.24 She made me realise the value of working in groups 4 29 64 
.25 She made me more considerate towards others  2 36 60 
.26 She made me value my class mates 0 40 58 
.27 She created a democratic classroom environment 4 22 71 
Discussion: 
As for Questions 12.24 – 12.27, dealing with the social environment created at 
the Technikon, the students again indicated a positive response which could 
indicate that they liked the classroom atmosphere.   It would appear, therefore, 
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that the educator was successful in creating a positive classroom (learning) 
environment. 
 
Table 4.18 % Responses to Communication 
Q 12  Communication / . ☺
.28 She encouraged me to try and answer questions orally 7 24 69
.29 She was approachable for class discussion 4 20 76
.30 Feeling of the system of class captain representing the class 9 33 58
.31 She had an open door policy 2 31 67
.32 She showed ways of analysing questions 2 4 93
.33 She made me familiar with the words used in Chemistry 4 13 82
Discussion: 
The above table dealt with communication and again the answers indicated a 
positive response, suggesting that the students found it easy to communicate 
amongst themselves and with the lecturer.  Good communication was one of 
the aims of access Chemistry Education articulated in Chapter 2 and illustrated 
in Figure 2.1. 
4.5.5.5 Review of an Examination Question 
As stated in Chapter 3, one of the research areas was the development of 
critical thinking in the students, because in Chapter 2, this was articulated as 
one of the aims of access Chemical Education. 
 
The data gained was to try and answer Critical Question 2 : what is a suitable 
approach to assessment that could be used to promote deep learning by 
students of Chemistry on the access programme at the PE Technikon?  The 
following is an extract of the 2004 examination paper for SFC Chemistry (PET 
code CCH 1110). 
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Table 4.19 SFC Exam Q 1 ‘04 
 
QUESTION 1. 
 
Consider the following four statements of: 
 
 Dalton’s Atomic Theory: 
 
i) All elements are made up of small, indivisible particles called 
atoms. 
 
ii) Atoms of the same element are identical with regard to their 
size,  shape and mass,  but they differ from atoms of other 
elements. 
 
iii) An atom – the smallest particle of an element which can 
take part in a chemical reaction – cannot be created or 
destroyed,  nor can an atom of one element be changed 
into an atom of another element. 
 
iv) Compounds are formed when the atoms of two or more 
elements combine with one another;  a given compound 
always has the same relative number and kind of atoms. 
 
1.1 What knowledge or principle did Dalton base this first statement 
on?        (1) 
 
1.2 In the second statement, why does the Modern Atomic Theory 
disagree with “Atoms of the same element are identical with 
regard to their mass” ?     (1) 
 
1.3 On which law did Dalton base the third statement: “cannot 
be created or destroyed” ? (1) 
 
1.4 List the laws that Dalton based this fourth statement on. (2) 
 
1.5 Indicate, with motivation, which word in the first statement 
does not hold true in the Modern Atomic Theory. (2) 
 
1.6 What (mis)belief of the time influenced Dalton to include the section “nor 
can an atom of one element be changed into an atom of another 
element”? (2) 
  { Total Marks Q 1 = 9 } 
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Discussion: 
As can be seen from the questions asked, the students had to have studied the 
work in far more detail to be able to have the required background knowledge.  
That is, the information cannot be obtained from the supplied theory in the 
question paper.  In question 1.2 the students had to decide which aspect was 
no longer valid and they could only make that decision after comparison with 
the Modern Atomic Theory.  They thus had to resort to higher order thinking to 
be able to think critically (Ornstein & Lasley, 2000, p. 17 and Fisher, 2003, p. 
41).  The same reasoning (i.e. they had to resort to higher order thinking) also 
holds true for the rest of these questions.  The assessment approach was 
therefore to evaluate whether students could think critically. 
 
The results that the students obtained for the examination question can be 
graphically illustrated as follows: 
Table 4.20 Marks Distribution of SFC Exam Question 
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Of the 46 students who answered, the average mark obtained for Question 1 
was 48%.  Twenty-five students passed the question and twenty one failed.  
The highest percentage was 100% and the lowest was 6%.  As can be seen 
from the graph, a normal distribution or Gaussian (i.e. bell-shaped) curve was 
obtained.  This was very disappointing as it disproves Bloom’s theory (cited in 
Entwistle, 1987, p. 81), mentioned in Chapter 2 that good teaching will push up 
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the curve towards the high end.  The students achieved an average of 48% of 
the marks for question 1.  More than half of the students (i.e. 54%) passed the 
question (i.e. obtained more than 50% of the marks), proving that they coped 
well with the exam question.  The conclusion can therefore be made that they 
had become critical thinkers. 
4.5.5.6 Science Foundation Certificate Chemistry Examination Results 
The data from the two SFC Chemistry examinations of 2003 and 2004 have 
been compiled in Table 4.6.  A clearer breakdown of the numbers of students 
has been provided to overcome problems revealed in the Pre-Technician 
records, where the PET based their calculations on the initial number of 
students enrolled.  The focus of this research is on students who attended the 
programme.  The table below gives an analysis of the actual number of 
students who did attend the programme.  The PET overall success rate is again 
calculated as follows: 
 
enrolled students of Number
100   passed students of Number ×  = % Overall Success 
 
This data was evaluated to try and answer the Main Research Question : does 
a particular teaching approach impact on the success rate of the Chemistry 
students on the access programme at the PE Technikon? 
 
Table 4.21 SFC Chemistry Examination Results. 
 2003 2004 
No of students that enrolled 64 57 
No of students that initially attended classes 60 51 
No of students that attended classes till end 59 48 
No of students that obtained exam entry 56 48 
No of students that wrote exams 53 46 
No of students that passed 41 39 
PET OVERALL SUCCESS RATE % 64% 68% 
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Discussion: 
It should be noted that the January 2005 Supplementary Examination results 
(four students) are not yet available and this could affect the overall success 
rate of the 2004 examination result.  The success rate of the SFC seems to be 
improving, although it does not appear to differ greatly from that of the Pre-
Technician course, evaluated in cycle 1. 
4.5.6 Reflecting on Outcomes of Implementation 
Action research enables the researcher to identify and remedy many problems 
under difficult conditions.  It can also reveal that there were certain factors about 
which the educator could do very little.  The main problem in this regard was the 
poverty that disempowered many of the students.  As mentioned before, the 
students had to pay for their notes.  Unfortunately, if they did not pay, they could 
not receive any further notes.  This had serious consequences for those unable 
to pay.  They could not study without notes and, therefore, they could not be 
successful.  Many students also struggled to afford the busfare/taxifare and as a 
result could not always attend classes and practicals as diligently as they would 
have liked to. 
 
The second time the course was offered, things ran much more smoothly than 
the first time.  One can only hope that the course will go from strength to 
strength. 
4.5.7 SUMMARY 
This chapter has provided an analysis of the data.  The next chapter will draw 
conclusions from the data and provide recommendations for future use to 
improve the success rate of the Chemistry access course. 
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CHAPTER 5 
 CONCLUSIONS AND RECOMMENDATIONS 
5.1 INTRODUCTION 
The previous chapter reflected data collected, together with an analysis of the 
data.  The problems encountered during the access courses were discussed.  
This chapter consolidates the findings, draws conclusions and then makes 
recommendations to address the implementation process for the future so that 
more students can be successfully trained in the fields of SET. 
5.2 COMMON FACTORS OF THE STUDY 
In the two cycles of access programmes, several factors were highlighted that 
were common to both.  These factors played an important role in the 
interrelationships between the teacher, the student, the education process, the 
content presented and the achievement of success. 
 
A very important factor was the classroom atmosphere because the classroom 
is where most of the learning takes place.  Data obtained from the journal 
entries of the students confirmed that the atmosphere needed to be positive, 
supportive, non-threatening, democratic, interactive and rewarding.  
Communication channels had to be kept open and the use of journals 
complemented this aspect. 
 
When these conditions were met, the students felt secure, became motivated 
and participated in the discussions and group work.  In this way they enhanced 
their inter-relationships and cooperative learning skills.  This not only improved 
their academic abilities but also prepared them for their eventual real-life 
working situations. 
 
To be able to create this desired classroom atmosphere, the teacher/lecturer 
had to be the classroom manager.  In order to be a competent classroom 
manager, the teacher had to be well versed in her subject, in this case 
Chemistry.  She also had to be a teaching strategist, a professional, an 
intellectual and reflective thinker, a holistic developer and a competent linguist.  
As already mentioned, the teacher had to be approachable and empathetic. 
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Since the purpose of the access programme is to educate and prepare the 
students for the formal courses, the programme had to be designed to 
accommodate the shortcomings of the students’ background knowledge.  It was 
evident that the level of their pre-knowledge firstly had to be established and 
adjusted accordingly if necessary.  Only then could constructivism be fruitfully 
applied to build up their knowledge.  This increase of knowledge should not just 
be an accumulation of facts; it had to be a relational conceptual development 
which could only be made possible by interdisciplinary links.  Students had to 
be made aware of their metacognition processes and taught how to study.  This 
would ensure that students would move away from their rote learning approach 
and adopt a deep learning approach.  In the process, critical thinking would be 
fostered and developed. 
 
Promoting better study habits requires that the pace of the work be very 
carefully planned.  Students must participate in tutorials and discussions.  
Class-time must be scheduled to allow for revision of homework and answer 
questions because data revealed that the students come from a “poor” 
academic background, i.e. their parents could not assist them.  In addition, their 
socio-economic background negatively impacted on their study environment at 
home. 
 
The design of the science access course had to incorporate the design of the 
assessment as well.  As the data revealed, undesirable rote learning was 
encouraged by assessment that only concentrated on facts and that did not 
stimulate higher order thinking.  The students had to be well-prepared for the 
examinations so that they did not fear it, because as the data revealed, they 
needed confidence in order to achieve. 
5.3 FACTORS OUTSIDE OF THE STUDY 
A factor that did not form part of this study, but caused severe academic 
problems, was poverty.  It affected the academic performance of the students 
because they could not afford to buy notes.  They could not raise the money to 
buy laboratory coats, safety glasses, calculators, stationery and other 
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equipment.  They often did not have the required busfare or taxifare to attend 
lectures or practicals. 
 
Other factors were health, mental as well as physical ones.  The institution has 
counselling and health centres at the Main Campus but not at the Algoa 
Campus, where the research was conducted.  Students could arrange 
counselling sessions to be scheduled for the afternoons of the one-day-a-week 
practical sessions, but when they fell ill it was a problem.  There are no 
pharmacies, hospitals or clinics within walking distance of Algoa Campus.  
Often those students with eyesight problems could not afford glasses.  Students 
cannot achieve if they are so disadvantaged. 
5.4 FINDINGS 
During cycle 1, the Pre-Technician course, the students were identified as 
mostly ESL speaking and, therefore, had problems with developing concepts 
and with communicating.  Because they were surface learners, they lacked the 
ability to form an overall view of the course.  Their subject knowledge and study 
skills, such as co-operative learning skills, were lacking. 
 
During cycle 2, the Science Foundation Certificate, the data proved that the 
students’ learning shortcomings were very similar to those of the Pre-
Technician students and, they therefore, had the same associated problems. 
 
Critical Question 1 asked: which are suitable teaching methods that could be 
used to improve the success of Chemistry students on the access programme 
at the PE Technikon?  The data indicated that both Pre-Tech and SFC students 
loved the explanation of Chemistry theory by means of practicals, because they 
were visual learners.  Students appreciated the fact that Chemistry was 
presented in a fun way.  They also enjoyed the variety of presentation, the study 
tips, that the content was explained well and the fact that the lecturer was 
approachable.  They valued reflection and were more motivated to study when 
they saw the relevance of material.  The data proved that the adopted teaching 
approach not only addressed, but also overcame inherent communication short-
comings.  The students valued the empathy shown by the educator with regard 
to the ESL learners. 
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Critical Question 2 asked: what is a suitable approach to assessment that could 
be used to promote deep learning by students of Chemistry on the access 
programme at the PE Technikon?  The data indicated that students had to be 
challenged but at the same time be well prepared for assessment so that they 
did not fear it.  The approach of working through old test and examination 
papers proved to be well-liked by the students and also successful.  The data 
proved that the access students had to be made aware that high expectations 
were held of them but that the lecturer believed that they could be successful.  
The data revealed that the assessment approach was successful in changing 
the learning approach of the students from surface learning (rote-learning) to 
deep learning.  The data from the SFC examination question proved that the 
students had developed into critical thinkers. 
 
Critical Question 3 asked: how do students experience the teaching approach?  
The data indicated that the students appreciated efforts to make them feel 
valued and this resulted in their desire not to disappoint.  Thus they applied 
themselves and tried to develop good academic skills in the positive classroom 
environment that they experienced.  When they realised the research was to 
improve teaching methods and that their co-operation was required, they 
responded well. 
 
The Main Research Question was: does a particular teaching approach impact 
on the success rate of the Chemistry students on the access programme at the 
PE Technikon?  The data for both the Pre-Tech and the SFC indicated that the 
success rate varied.  Although the SFC success rate has improved over the two 
years, it is not a major improvement when compared to the average Pre-
Technician results.  There is a big improvement from the last Pre-Tech result 
(50%) to the present SFC result (68%).  The 2004 success rate of the SFC 
(68%) is a very good rate and very close to what the PET desires, namely 70%.  
This figure of 68% may improve when the Supplementary Examinations are 
finalised. 
 
Unfortunately though, the average SFC results are not conclusive proof that the 
course was successful in increasing the number of students to enter the fields 
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of SET.  However, these results must not be viewed in isolation as the 
classroom performance of the students showed a positive trend in that they 
were capable of good communication, they became reflective thinkers, they 
adapted their learning styles and adopted a deep approach to learning.  This is 
in accordance with the caution expressed by Cochran-Smith (2003a, p. 5) who 
warned that teaching quality and student learning could not always be equated 
with test scores.  Many access students have been accepted into the formal 
courses in the past due to the Pre-Technician course and the present SFC 
continues this tradition.  Therefore the number of students prepared for the 
fields of SET has and will be increased. 
5.5 CONCLUSIONS 
The following conclusions are drawn from the findings of this study: 
• Access students require a fundamental knowledge of Chemistry in 
order to develop their understanding of the subject and expand their 
knowledge 
• The students respond to a teacher who is motivated, more 
approachable to the students and proactive in creating a more 
positive learning environment 
• Students benefit from a teacher who teachers them how to learn 
• Students who are taught how to learn, develop a deep approach to 
learning 
• A mastery of deep learning motivates students and increases their 
desire for continuous self-development 
• If thinking is a guiding priority in the curriculum, students develop into 
critical thinkers 
• Teaching for thinking also develops reasoning skills 
• Professional development for science teachers improves student 
learning 
• Journal writing initiates and encourages discussion between lecturers 
and students regarding methods followed and problems encountered 
• Action research is a valuable means of identifying and solving 
problems 
• Action research also promotes cooperation among teaching staff and 
results in better interdisciplinary cohesion 
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• Research in general is promoted by action research and can result in 
articles for publication. 
5.6 RECOMMENDATIONS 
The following recommendations are generated from the above conclusions: 
1. Teachers should: 
• provide a fundamental knowledge of chemistry to access 
students 
• be motivated, approachable, proactive and empathetic 
• undergo professional development in order to improve student 
learning 
• institute student journal writing to promote discussion and 
communication. 
2. Students should: 
• accept responsibility for their own learning 
• apply metacognition, in order to develop their thinking skills to 
become reflective/critical learners 
• be open to applying different learning styles. 
3. Opportunities for further research: 
Investigate means of attracting more students to the SET fields 
Investigate the effect that the students’ socio-economic background has on 
academic performance. 
5.7 SUMMARY 
The underlying importance of this study is the revelation that lecturers in access 
courses should, apart from being specialists in their field, also be aware of the 
importance of language and the importance of student-centred learning.  This 
includes the necessity of having empathy for the students, which implies that in-
service professional staff development is crucial, not only to the benefit of 
students, the institution and the community as a whole, but also for the lecturers 
concerned.  When an access lecturer has the back-up and support of his/her 
institution, s/he can really make a difference. 
 
The institution must appoint access lecturers that are committed to the task of 
equipping the previously disadvantaged students, i.e. they must not view their 
post as just a job, but rather view it as a calling.  The institution also needs to 
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provide access lecturers with support and training if necessary.  Workshops to 
this effect would be advantageous.  The financial structure of the course needs 
to be altered in such a way that students do not need additional funds to buy 
notes, equipment or pay for transport whilst studying. 
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APPENDIX 1. 
QUESTIONNAIRE 2004 
Your answers will be used for my research and are therefore very important to me.  Please answer as 
honestly as possible. 
 
Please indicate your choices by marking the relevant block with a cross or answer the 
question(s) with a written response.  Please be assured that your anonymity will be guaranteed. 
 
1. Biographical details: 
English First Language English Second Language 
 
2. Average age group: 
17 - 19 20 - 22 23 or older 
 
3. Did you attend any other tertiary courses prior to your Science Foundation Course?  Yes/No. 
 
4. Approximate number of years since leaving school:………………… 
 
5. How did you feel about Chemistry in the beginning of the year? 
 
Hated it, but 
needed it for my 
future studies. 
Neutral, but 
needed it for my 
future studies. 
Interested in it 
as a subject and 
needed it. 
Interested in it 
as a subject and 
could see its 
relevance to my 
life. 
Fascinated by 
the subject. 
 
6. Did your attitude towards Chemistry change during the year?  Yes / No 
 
7. If your attitude did change, how do you feel about Chemistry at this stage? 
 
  ………………………………...........……………………………………………………………… 
 
8. How do you feel about your success rate in Chemistry up to this point? 
Satisfied. 
Not satisfied, but hopeful of 
improvement. 
Neutral. 
Not satisfied and not hopeful of 
improvement. 
 
9. Did your approach to learning for Chemistry change during this year?  Yes / No   
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10. If your approach did change, how did it change? 
 
……………………………………………………………………………………………………. 
……………………………………………………………………………………………………. 
 
11. Did your attitude towards, or feeling about Chemistry, influence your learning for Chemistry?  
Yes / No 
 
12. Choose the icon that shows your feeling for each of the following statements: 
 
Teaching style of Chemistry lecturer: 
.1 She made the subject interesting / . ☺
.2 She made me enjoy the subject / . ☺
.3 She made me realize that Chemistry is all around us (viz. reading food labels) / . ☺
.4 She made me realize the long term effect of chemicals on our health  / . ☺
.5 
She made me realize the links/connections between our subjects of 
Chemistry, Physics, Mathematics, Computer Skills and Technical Literacy. 
/ . ☺
.6 She made me realize the links/connections between our topics in Chemistry  / . ☺
.7 She was able to explain theoretical concepts in Chemistry / . ☺
.8 
She helped me to be able to write better answers (clear & logical) in 
Chemistry 
/ . ☺
.9 She made me realize the importance of note taking/record-keeping / . ☺
.10 She showed me how to take down good notes for Chemistry / . ☺
.11 She made me reflect on matters / . ☺
.12 She helped me to build confidence to be able to express my thoughts/opinions / . ☺
.13 She taught me how to criticize / . ☺
.14 She made me feel confident in handling the practicals / . ☺
.15 She made me feel valued / . ☺
.16 She instilled a high standard of ethics / . ☺
 3
.17 She practised what she preached (viz. always wearing safety glasses) / . ☺
Approach to learning 
.18 She made me realize that I had to attend classes on a regular basis / . ☺
.19 She made me realize the value of keeping your notes in order / . ☺
.20 She made me realize that I had to study on a regular basis / . ☺
.21 She helped me to pinpoint my problem areas in Chemistry knowledge / . ☺
.22 She made me realize how to help myself to study better / . ☺
.23 She made me realize the value of working through old test and exam papers / . ☺
Social environment created at the Technikon 
.24 She made me realize the value of working in groups / . ☺
.25 She made me more considerate towards others (viz. reducing noise level) / . ☺
.26 She made me value my class mates / . ☺
.27 She created a democratic classroom environment / . ☺
Communication 
.28 She encouraged me to try and answer questions orally  / . ☺
.29 She was approachable for class discussion / . ☺
.30 
She created a system whereby the class captain would speak on behalf of the 
class 
/ . ☺
.31 She had an open door policy / . ☺
.32 She showed ways of analysing questions / . ☺
.33 She made me familiar with the words used in Chemistry / . ☺
 
 Thank you so much for your input! 
 Mrs L E Nagel 
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APPENDIX 2. 
Interviews with Student regarding 
Chemistry Practical Project 
 
DATE: 14-10-2004 
 
First Interview with Thembakazi … 
(Surname deleted to protect her 
anonymity)  
As the student handed in her 
project, the researcher asked her 
whether she would mind answering 
some questions, as the researcher 
was doing some research and 
would appreciate her input.  She 
was assured of her anonymity.  She 
was acquiescent and the interview 
was written down. 
 
E: Regarding the Chemistry Project, 
did you enjoy it? 
T: In a way. 
E  Why is that? 
T: Because my yield wasn’t 100%, but 
86%. 
E: But that is a good yield! 
T: OK, then I think I enjoyed it. 
E: Did you learn anything in this 
project that will affect your attitude 
towards Chemistry? 
T: Yes, I learnt that in Chemistry you 
have to be very accurate when 
calculating and whatever you do, 
you must remember the safety 
precautions. 
E: Did you change your style of 
learning? 
T: Yes, I changed my style of learning 
in many different ways.  Like I 
focussed mostly on my 
definitions of things. 
E: Did you wonder or think about 
things (of the project) as you were 
doing it? 
T: Yes, because in the process of 
doing it we had a black residue but 
it, the crystals, turned out to be blue 
and not black. 
E: So I can assume you liked the 
colour changes? 
T: Yes. 
E: How did you feel about having to 
work so carefully in not spilling or 
messing? 
T: Now that was very difficult, 
because I mean whatever you do, 
you have to make a mess 
somewhere. 
E: I can conclude that you did not 
have a lot of previous experience – 
from school? 
T: No. 
 
The student obtained the following 
results for her assignment: 
7.5/9 for the judgement of the 
crystals (i.e. 83%) and her total 
mark (judgement plus write-up) for 
Prac Test 4 = 78% 
 
Date: 3 November 2004 
 
It was decided to re-interview the 
student after discussion with the 
moderator to obtain clearer and 
more in depth answers.  This time 
the voices were recorded.  Elsa 
Lombard agreed to act as the 
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second interviewer, but would only 
speak up if she felt that the 
researcher had missed out on 
obtaining relevant information. 
 
Transcript. 
 
T: My names is Thembakazi … 
E: Now I gave you the interview there 
that we did to read, that you could 
see what it was all about.  Do you 
agree that was the way we had it? 
T: Yes 
E: O.k., right now:  I’ve got the 
questions there, the first questions 
regarding the chemistry project “did 
you enjoy it?” you told me:  “In a 
way”.  Why did you mean, why did 
you only say, “in a way”? 
T I think it’s because I can’t say I 
didn’t enjoy it and I can’t say I did 
enjoy it, it is in the middle ‘cause I 
don’t know, I thought in a way it 
was the best way I could describe 
it. 
E: O.k., let me ask it this way:  what 
parts of it did you enjoy? 
T: In chemistry project? 
E: Ja 
T: I think the best part was when we 
did the crystals, I like that part but 
at the end it didn’t turn out that 
nice, cause I didn’t get a 100% in 
all that.  But the crystals, I like that. 
E: Because if we look at the results of 
your crystals you got a 7.5 out of 9, 
so you had good crystals, you had 
nice crystals. 
T: Yes, but I wasn’t satisfied. 
E: Didn’t you get one big crystal like 
the others? 
T: No, No. 
E: But you got the… 
T: It was small, small crystals. 
E: O.k. so that was what you were 
unhappy about?! That you didn’t 
get the nice big crystals like some 
of the others had, all right, what 
part of it did you not enjoy? Apart 
from that you did not get the big 
crystals, was there anything else 
you didn’t enjoy? 
T: Yes, I could say, firstly, I couldn’t 
balance the equation; I didn’t know 
how to balance it… 
E: You forgot about redox?! 
T: Yes, I think that’s the only part. 
E: You unhappy about that, cross with 
yourself? 
T: Very! 
E: Why didn’t you come to me then 
during the project write-up? 
T: Because I didn’t think, I just wanted 
to do it myself, to prove to myself 
that I am capable of doing it and all 
that. 
E: You weren’t scared of me? 
T: No. 
E: You said here because your Yield 
wasn’t a 100% but 86%, did you 
really think you could get a 100%, 
did you think it was possible? 
T: Yeah that’s what I thought. 
E: That you should get it, is that what 
you thought you should get? 
D: So you worked accurately enough 
with the aim of getting a 100% and 
then it was sort of a 
disappointment? 
T: Very big disappointment. 
E: Actually an 86% yield is a very 
good yield.  In the industry one 
seldom gets a 100%. 
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T: Is it Ma’m?  I didn’t know that. 
E: Okay, remember in the class I said 
I didn’t want to discuss the results 
before the time; I didn’t want to 
influence you people….. 
E: I said here:  “Did you learn anything 
in this project that will affect your 
attitude towards Chemistry?”  And 
you told me yes you learnt that you 
had to be very accurate in 
calculating. In whatever you were 
doing you had to remember the 
safety precautions. What did you 
mean specifically about the 
calculating problems? 
T: Calculating problem? 
E: Yes. 
T: Like the significant figures, you 
have to be very accurate with that 
and what else? I think that’s all. 
E: So that you had to remember to 
keep the right figures, that was very 
important, yes.  What about the fact 
that you had to….did you realize 
that you had to do mathematics in 
your Chemistry? 
T: Yes 
E: Did you realize that there was a 
link, it wasn’t just chemistry, it 
was…. 
T: Yes. 
E: What about your language? 
T: My language?  In Chemistry… 
E: Yes, because we communicate by 
means of language whether it is 
spoken or whether we write it.  How 
did that influence you, because you 
are English second language aren’t 
you? 
T: Yes. 
E: How did that influence you, is it 
easy for you? 
T: Not that easy but it is because 
I’m used to it, I don’t know but I 
found it easy. 
E: Did you have it at school; did you 
have to do your Chemistry in 
English? Or did you do it in Xhosa? 
T: No, we did it in English… 
E: So you used to it? 
T: So I was used to it.  It wasn’t that 
difficult. 
E: You were Okay with it?  
D: Did your language change over the 
years? Could you see that you 
improved or learnt a new way of 
tackling things? 
T: Oh yes, yes.   
D: Can you give us an example? 
E: a little more detail. 
T: How did it change? 
E: Ja 
D: Ja 
T: I can’t describe it but it did change 
D: For the better or for the worst? 
T: To the better! 
E: Do you think It was Mrs. Webb’s 
approach helping you people, do 
think it was that? 
T: Very much, yes Mrs. Webb was 
very helpful. 
E: How about when I explained the 
language when I talked, did that 
help in any way? 
T: It did, it did because in Chemistry 
they use big words that you can’t 
understand and we need to try to 
explain them. 
E: Did that help make it easier, more 
comfortable? 
T: Yes 
D: So how will you tackle a new 
unfamiliar word in the future?  If 
you read a passage in, let us say 
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two or three years time from now 
on and there’s a word you don’t 
understand, did you learn a 
strategy how to tackle it or…. 
T: Yes, you just learn how to break it 
down into central language. 
E: And if you can’t break it down, what 
other thing will you use? 
T: Dictionary?! 
D: Ja, that’s not actually what we were 
looking for…break the word down 
into simple files, what does it 
actually mean and where does it 
come from….linking it to familiar 
things. 
E: That’s what we wanted to know 
because it didn’t come out in this 
question here. 
D: Are you done with the attitude…can 
I just ask here something…when 
you started with this course, did 
you like Chemistry or not or was it 
sort of neutral? 
T: For High school I didn’t like it at all, 
so I thought I wasn’t going to enjoy 
it this year but I really did enjoy it 
throughout the year, but at the 
beginning I didn’t. 
D: What do you plan to study next 
year? 
T: Analytical Chemistry 
D: Analytical Chemistry? 
E: Oh you totally changed…oh that 
was very interesting 
E: You must remember the safety 
precautions you said, does that 
make you scared of the lab? 
T:  Yes, because I didn’t have 
experience before in all that so I 
was really scared because I didn’t 
know anything about the labs and 
everything. 
E:  And how do you feel now? 
T: Really feel comfortable. 
E: But you know there’s danger? 
T: Yes, yes I’m familiar. 
E: And you know what it is. 
T: Yes, yes 
E: Do you feel you can cope if 
something goes wrong? 
T: Yes. 
E: Why? 
T: Because I have learnt so much this 
year, so I think I can cope with 
anything that comes my way now. 
E: Ah confident! 
E: The next question we asked was 
did you change your style of 
learning and you said yes, you 
changed your style of leaning in 
many ways and you said” like I 
focused mostly on definitions of 
things” Now, do you mean before 
the time or do you mean now you 
focus? 
T: Now 
E: Now you focus…How do the 
definitions help you, what do you 
mean by that? 
D: How do you use that? 
T: Like when you define something it 
becomes more easier for you to 
understand it, because each and 
every thing, lets say a passage, 
you have to understand what it is 
all about and everything so I think 
definitions explains a lot you know 
in whatever you reading so I think it 
help me. 
E: It helps you understand the, 
because when I made them do 
definitions, one of the things I did 
was that I would give them the 
definitions from the book the formal 
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the way it was worded and I would 
make them give the definition back 
using everything else but those 
words, they were not allowed.  Of 
course certain words you can’t get 
rid of but the words that they had in 
that definition they had to give me 
other words. 
D: So when you encountered a new 
word in a passage that you read, 
do you go back and say they used 
the word combustion what does 
combustion mean and you fall back 
on your definitions. 
T: That’s what I mean 
D: o.k. 
E: Because I told them that if they can 
understand the definition given in 
other words they will never forget it. 
D: So you apply your definitions to 
help you to understand new things 
that you are doing. 
D: What other ways do you think you 
have changed? 
T: Question papers, they help me a lot 
because I’m like familiar with what 
they have asked before and what’s 
like expected from me to answer.  
Before I just read my books and 
just ignored the question papers 
D: So you’re more confident of what is 
expected of you when you go into 
an assessment situation? 
D: And in the practical, because there 
isn’t much question papers to work 
through but you were confident and 
knew what was expected of you. 
E: They were given question papers; I 
gave them question papers to go 
through.  The practicals is just 
applying what they’ve learnt there 
was nothing really new, the only 
thing that they had to do, they 
had to perform it under time 
constraint, they had to finish in 
time. 
D: And you feel you also knew what 
was going on? 
T: Yes, I just feel the time was really 
short, 
E: It’s funny the time you start…but 
they managed it. 
E: Did you do yours in the time, I can’t 
remember yours specifically, and 
did you manage to finish in time? 
T: Yes, yes I did. 
E: You got everything right? 
T: No 
E: Not everything right, but I gave you 
the ticks. 
T: Yes. 
D: So you say the definitions helped 
you and the fact that you worked 
through your question papers 
helped you quite a bit as well, 
anything else that you changed 
during the year? 
E: What was the way you studied for 
chemistry when you were in 
school?  And how do you study 
now? 
T: In High school I used to read the 
whole book and summarize 
everything but now I don’t do that I 
just focused on my definitions that’s 
it, and I would just understand the 
whole thing. 
D: So the key for you is that you try to 
understand now where as 
previously you learnt it by heart. 
D: Do you think you would be able to 
apply it now in new situations? 
E: Say next year when you go to your 
formal courses and now you come 
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across new work, how are you 
going to approach it then? 
T: The same way, because that really 
helped me 
E: You must understand, not just 
memorize 
E:  What about the amount of time you 
spent, how did you so it at school 
and what do you do now? 
T: Last year I used to study about two 
hours…. 
E: A day? 
T: Yes. 
E: Two hours a day on Chemistry! 
E: On chemistry or all your subjects? 
T: No, maths was like 4 hours 
E: Every day? 
D: So quite interesting, you spend a 
lot of time on it but how successful 
were you? 
T: Not very successful 
D: So the amount of time you spent 
did not help you succeed 
T: No it didn’t 
D: Now if you compare it, June you 
wrote tests, if you compare the time 
you spent with the success rate, 
how would you say, what is 
happening now? 
D:  Do you need to spend more or less 
time on Chemistry? 
T: More, more, I really need more 
time, 
D: And how successful do you think 
you are, how do you feel? 
T: Compared to High School I am very 
successful now 
D: O.k. 
E: That’s nice to know.  Remember 
that I told you guys if you only 
spend 15 minutes on chemistry a 
day… 
T: Yes I remember. 
E: Remember that.. 
T: Before you told us that I use to 
spend 2 hours a day on chemistry, 
but after you told us that I spent 30 
minutes. 
D: And do you do that regularly or… 
T: No, no maybe like 2 days a week or 
something 
E: But you do at least do it.  That’s 
interesting for me to see the 
approaches, because I want to see 
if saying something like that made 
a difference.  I realize that pupils 
are sitting hours and hours on 
subjects and it’s a waste of time-
you get tired that’s why I told you a 
shorter time and I wanted to see 
whether you took it to heart and 
now you are telling me you use to 
spend 2 hours and I telling you 15 
minutes and you spending 30 
minutes.  And you are successful, 
so I’m glad I made a change there. 
E: The other thing I asked was did you 
wonder about things, now I’m 
specifying about the project, as you 
were doing it and you told me yes 
and you talked about the colours of 
the residue and the going to blue 
and not black, and I thought about 
the colour changes instead of 
asking you did you think about the 
process, did you realize what was 
happening? 
E: You started of with copper; did you 
think about the steps? 
T: O.k., yes 
E: Did you think about the steps?  
What did you form after that? 
T: Copperoxide… 
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E: You formed something else before 
that, remember the reactions that 
you wrote down… 
E: We added nitric acid, why did we 
add that?  So that you could form? 
T: I really can’t remember 
E: O.K, you formed copper nitrate and 
then that you heated it and it 
decomposed and broke up and 
formed CuO and then after copper 
oxide and all the other actions with 
sulphuric acid and then forming the 
copper(II)sulphate in the water and 
then the crystals, so did you realize 
that, that was what was 
happening? 
T: Not at the time 
E: Not at the time, when did you think 
about it? 
T: As in after the whole…. 
E: Then you thought about it. 
T: But in the process I wasn’t aware of 
the things that were happening. 
E: Did you become aware of it when 
you did the write up? 
T: The write-up?  No still. 
E: Only now when we discussed it 
T: Yes only now. 
E: Oh that’s interesting so next time in 
class I must point it out to the 
students and be more specific.  O.K 
now I’ve learnt something as well 
today. 
E: Right, does the same thing when I 
asked you do you to think about 
things, have you thought about 
things, have you thought about let’s 
take for example Organic 
Chemistry.  Have you thought 
about the way that we approach it 
as well? 
T: Organic? 
E: Where did we start off with 
Organic Chemistry? 
T: Organic Chemistry? 
E: When I did my lectures with you in 
class, where did we begin? 
E: Can you remember? 
T: No 
E: Have you started studying for the 
exams? 
T: Yes. 
E: Now when you do your revision, 
think about the way in the class, 
think about where we started, how I 
stopped, look at your notes and see 
how it progressed, o.k. I want you 
to think about that. 
E: The next question I asked was  
”How did you feel about working so 
carefully and not spilling or 
messing?”  And you told me that 
was very difficult because whatever 
you do you have to make a mess 
somewhere so, can I ask you why 
did you think you have to make a 
mess. 
T: Because I mean, you have to make 
a mess somewhere, you can’t be 
that accurate. 
E: But you told me there that you 
wanted a 100%, you have to be 
accurate 
so how could you make a mess? 
T: I really found it difficult, it was 
really difficult. 
E: Did you enjoy it though, did you 
regard it as a challenge. 
T: Yes, a very big challenge. 
E: And you wanted to get there. 
T: And I know next year I’m not going 
to make a mess. 
E: Next year, right, good. 
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E: I asked there about, you haven’t 
had a lot of previous experience, 
can   you tell me what did you do at 
school?  Prac-wise 
E: Did you do pracs at school? 
T: Yes we did 
E: Did you have a ……laboratory? 
T: No, It wasn’t that big, it just had test 
tubes 
E: And balances? 
T: No 
E: scales? 
E: Nothing   
T: We didn’t ever use them; I think 
there was only one that our teacher 
could use 
E: Nobody else could touch it; did you 
use lab coats in the labs? 
T: No we did not.  We just wore our 
uniforms. 
E: Did the teacher wear one? 
T: No 
E: The teacher not either?  Safety 
glasses? 
T: Nothing at all 
E: Teacher not either? 
T: We were taught in the classroom 
E: In the classroom?? 
T: Because we didn’t have a specific 
classroom where we could teach 
theory and go to …no it was just 
combined. 
E: Was there no basin where you 
could wash your hands? 
T: Oh there was, but you were not 
allowed to touch or drink that water.  
It was just that. 
E: And did you actually handle the 
chemicals? 
T: No the teacher would just mix 
everything for us, then, we couldn’t 
even heat things we just saw 
the colours and the smell, that’s all. 
E: She didn’t make you feel the 
exothermic or endothermic 
reactions? 
T: Not at all. 
E: So you had very little practical 
experience from school.  Do you 
think that was why you didn’t like 
Chemistry? 
T: I think so because I wasn’t really 
good at it last year and I just started 
to hate it, I didn’t like it at all. 
Because I wanted to touch things 
and experiment. 
E: Experience it yourself, If you think 
that you hated it so, why did you 
come to Technikon to study it then? 
E: What did you first want to do? 
T: Biomed. 
E: Oh Biomed. 
T: I really don’t know, deep down I 
really knew that I wanted to do 
Chemistry, something in that line, 
but I didn’t know. 
E: Were you thinking more of the 
Biomed. 
E: How did you like, because at 
school you did science, which is 
Chemistry and Physics, how did 
you like the Physics part? 
T: Physics I found very interesting, I 
enjoyed that! 
E: Was it the same teacher who gave 
you chemistry? 
T: Yes, same one 
E: Why did you enjoy the physics 
more? 
T: Because It was interesting, I liked 
it. 
E: But not the Chemistry. 
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E: Did you think the teacher liked the 
Chemistry? 
T: The teacher, I don’t know, I can’t 
say. 
E: You don’t think that she influenced 
you because she liked the one 
perhaps more than the other and 
that influenced you. 
T: I think she liked Physics more than 
Chemistry. 
E: So you think that played a role?  Do 
you think the fact that, well I like 
Chemistry, do you think that I like 
Chemistry has influenced you? 
T: Yes, It did, look at me now I want to 
do analytical Chemistry at first…. 
E: It could also be because you 
couldn’t get into Biomed, I don’t 
know what the reason was.  I 
actually tried not to influence the 
students to going into analytical 
Chemistry because I … 
T: No, Biomed was my first choice 
and Analytical my second choice. 
T: But I have taken analytical I am still 
waiting for my Biomed. 
E: To hear from them…and if you do 
get into Biomed, will you go to 
Biomed? 
T: That I’ll……  
E: You’ll have to think about it. 
T: I’ll have to think about it. 
E: Because I’ve tried not to force my 
preference onto the students… 
T: I want to know something Ma’m, 
how is it, is it nice, Analytical 
Chemistry is it interesting? 
E: It is, I’ve done both sides.  I’ve 
done Biomed because that was my 
first job that I worked at and I’ve 
done Analytical and the reason why 
I moved away from Biomed was 
when I got married we had to 
go into, I had to earn money while 
my husband was studying.  I went 
to a place that paid more money 
that time it was Lennons and they 
weren’t registered like now so I 
couldn’t go on with Biomed.  That is 
why I went into Analytical, so I 
actually liked both sides.  I’m more 
into the pure Chemistry side but I 
like both sides.  That’s why I always 
try to be neutral. 
T: The only thing you do in Analytical 
Chemistry, you just work at the labs 
or what? 
E: Yes, although if you are on 
projects, if you are in a chemical 
say for example in a factory, where 
you do quality control, you do go 
out into the lines and get your 
samples and do your testing, you 
have to see that the things are set 
up correctly.  It’s not always in the 
laboratory.  So if you have to do, if 
you go into the environmental 
health side you also have to get 
samples it depends on you, it 
depends on the type of person you 
are.  Do you prefer to work in the 
labs because then you will look for 
a job like that, if you prefer to mix 
with people to go out, you will get a 
job like that?  There are people 
who do like sales people that sell 
chemicals and they have to know 
chemistry for the chemicals they 
sell, but they like the selling part, 
they like working with people as 
well, so you have the scope, you 
have a wide field waiting… 
T: So Biomed and Analytical 
Chemistry, they are linked. 
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E: They are linked. 
E: Biomed is more with health, with 
food, with your body things like that 
and Analytical is more with 
chemicals.  If you go to Cadburys, 
it’s also chemistry but it’s about 
food.  You must decide what side 
you want.  Because biomed will 
concentrate more on the germs, on 
the growth of things where in 
Analytical you would look at the 
purity of the things so you decide 
which direction you want to go. 
T: O.k. I just wanted to compare the 
two 
E: Yes, Yes that is something you 
have to think about. 
E: Can I ask you something else 
about in your learning style and 
language, this is now specifically 
Chemistry and I’ve told you to be 
aware of significant figures and 
things like that, have what I’ve 
taught you in chemistry, have you 
applied that, have you thought 
about that when doing Physics? 
T: Yes. 
E: How?  What, give me some more. 
E: Does it make you more aware of 
remembering? 
T: Yes, because in maths you have to 
remember significant figures, so I 
don’t know I think it helped me. 
E: If I can ask something else, 
remember the way I thought you 
people that if you get a question, 
remember how I told you to 
approach a question. 
T: Read it twice or three times. 
E: Yes, why?  What do you get the 
first time? 
T: First you get a shock and then 
the second time you cool down and 
the third time you understand. 
E: First one I said you get a heart 
attack, second time I said get the 
information and what you have to 
do. 
T: Yes. 
E: Do you find that you do that in your 
Physics questions? 
T: Physics questions? 
E: No 
E: Not, and in your maths? 
T: In my maths?  No. 
E: English? 
T: Yes. 
E: You do the same.  Why don’t you 
do the same in Maths? 
E: How do you tackle a maths 
question? 
T: I mean you don’t have to read 
something in maths, you just have 
to calculate.  So I think that’s basic. 
E: Because there’s no language 
problems, is that perhaps why? 
E: And Physics, Physics has 
language. 
T: But it’s more based into 
calculations. 
E: So chemistry is the only one that 
brings the language with the 
formal… 
E: Is there anything else that you 
would like to tell me…? 
T: Chemistry? 
E: Yes 
T: No 
E: How about class atmosphere, how 
did you find, because some 
students don’t like answering 
questions,  
T: Like me, I really don’t… 
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E: Not, because once in the past a 
student told me I was picking on 
him if I ask him questions, but I’m 
not really picking on the students I 
want them to answer because from 
the answer you can learn what the 
student knows or doesn’t know and 
if the student has the confidence to 
answer me, does that one have to 
be scared of the test or the exam? 
T: I just like writing down my own 
opinions I don’t want to do it in front 
of the whole class. 
E: Why not? 
T: I don’t know Ma’m I’m shy… 
E: Are you shy? 
T: Yes Ma’m I am, because I think 
whenever I say anything that is 
wrong and I really, It’s really nerve 
wrecking. 
E: O.k. you feel you might get 
something wrong, now how do you 
feel when I ask someone else a 
question and they get it wrong? 
T: How do I feel? 
E: Yes…how does that affect you? 
T: I feel proud of myself because I’m 
not the one who got it wrong 
E: But if someone got it wrong I never 
made a fool out of them,  
T: Yes that I know. 
E: We would ask other questions or 
use it as an opportunity to correct 
the mistake and I would ask, 
remember I would ask, what do you 
think.  Do you agree and then we 
would have vote on that. 
E: Because that was something that I 
wanted to know, how did you like 
the voting? Remember would I 
would have…just to make sure that 
everyone it giving attention. 
T: I remember I just used to fall in 
the middle. 
E: Why didn’t you form an opinion? 
T: I really don’t know, just say O.k. is it 
a yes or a no I just had that 
argument, so I don’t know. 
E: You weren’t sure? 
T: I wasn’t sure. 
E: How do you feel now, if you had to 
do the course over again, this time 
would you take more decisions, 
would you say more yeses or more 
no’s? 
T: Yes, yes. I feel really confident. 
E: Are you ready for next year? 
T: I am. 
E: If you look back at the year, 
remember I asked you if the course 
was what you expected and you all 
told me no it’s not at all what you 
expected.  If you had to have a 
friend who has done Matric and 
wants to come into Technikon but 
can’t get in.  Would you advise that 
person to do a foundation course? 
T: Yes, the foundation course really 
helped me. It’s very interesting I 
mean because you, it’s like high 
school, it’s not from scratch-
everything.  I mean when you’re in 
the mainstream they don’t explain 
anything just give you things you 
do, this is what you have to do.  
Here the lecturers just explain 
everything. So I really understand 
my work. 
E: And what are you going to do next 
year in the main course if you don’t 
understand something? 
T: if I don’t understand?  Well then I’ll 
just have to go to the lecturer and 
ask. 
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E: And if the lecturer is not available, 
maybe he/she is busy with 
whatever they are doing how are 
you going to solve the problem? 
T: Friends…? 
E: And….? 
E: What about the library? 
T: The library?   
E: Yes.  Read up in books. 
T: Oh yes, yes but I hate library 
because the encyclopedia has too 
many snakes and things, so I don’t 
go to the library now. 
E: You should actually try to get over 
that fear because there are 
beautiful books, I’m telling you, you 
should have a look at all those 
beautiful Chemistry books that they 
have there, you will love them 
because the snake things are only 
in the Biomed, no not Biomed, what 
do the call it again….Botany, 
Botany books.  It’s not in the 
normal Chemistry books.  You must 
get over that fear because it is 
wonderful to look over all those 
lovely pictures, it makes it come 
alive. 
E: O.k Thembakazi that is about it, it is 
up to you now to study for the 
exams. 
T: Yes, but I’m really panicking now, I 
was so relaxed but now I’m just 
starting to panic. 
E: No you must not 
E: O.k. thanks a lot hey!? 
E: Good luck. 
T: Thank you! 
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APPENDIX 3 
HELPING STUDENTS BE MORE EFFECTIVE LEARNERS 
Seminar Facilitator: Ann Austin 
I ENCOURAGE MOTIVATION 
Motivation involves commitment to goal-directed behaviour. 
 
A. Specify clear, explicit learning goals. 
 
B. Help learners set their own goals. 
 
C. Build expectancy of success and show that effort relates to 
success. 
 
II ACTIVATE PRIOR KNOWLEDGE 
Prior knowledge affects new learning: a) if students have little prior 
knowledge, they must gain basic information on which to build;  
b) misconceptions can hinder learning; c) existing frameworks can be 
helpful on which to build new knowledge. 
 
A. Find out about students’ prior knowledge (Autobiographical 
Sketches, Checklists, Brainstorming Maps). 
 
B. Help students recall and be aware of prior knowledge. 
 
III ENCOURAGE ENCODING 
Learning involves incorporating new learning into existing frameworks 
and organizational structures as well as creating new organizational 
structures for the learning. 
 
A. Provide explicit outlines. 
 
B. Teach organizational strategies (Empty Outlines, Organization of 
Discussion Notes around categories, Summary Statements). 
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IV ENCOURAGE ACTIVE MINDFUL INVOLVEMENT 
To learn, learners must do something to process the new information. 
A. Teach students how to read in the discipline. 
 
B. Use active learning strategies (ask students to form questions, 
encourage discussions, use short writing exercises, ask 
students to summarize). 
 
C. Help students be “mindful” (why are you doing an assignment, 
how does the assignment relate to learning goals, what will you 
do with feedback). 
 
V ENCOURAGE META-COGNITION AND SELF-REGULATION 
Learning is enhanced when students think about how they think and 
actively monitor their own learning processes. 
 
A. Demonstrate how to approach work in the discipline (think aloud, 
model approaches, discuss how to read). 
 
B. Have students reflect on their own thinking processes 
(educational autobiographies, journals, reading logs, self-
assessment exercises, punctuated lectures). 
 
 
Resource and Suggestion for Further Reading: 
 
Svinicki, M.D., Hagen, A.S., and Meyer, D.K. “How Research on 
Learning Strengthens Instruction,” in Menges, R.J. and Weimer, M., 
eds. Teaching on Solid Ground: Using Scholarship to Improve Practice. 
San Francisco: Jossey-Bass, 1996, pp. 257-288. 
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